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ABSTRACT 
Mine planning process optimise the mining project value. However, due to the limitations of 
previous scheduling algorithms evident in operation, mine closured costs are not commonly 
incorporated in the optimal planning policies whereas the closure costs can have very 
significant impact on the mining operation. The primary objective of this research project is to 
investigate the impact of mine closure cost on life of mine planning and resource recovery.  
The current study had reviewed various literatures on optimal mine planning process and 
mine closure impact. A conceptual case study was introduced to illustrate the optimal net 
present value of incorporating the closure costs using discounted cashflow model. Results 
indicated that it was financially feasible to extend mine life due to the time value of money 
aspect associated with closure. For the case study considered, it was found that the final NPV 
could potentially be increased by between $3.6M and $13.2M depending on the closure cost, 
by extending mine extraction life up to 4 years. In addition to NPV maximisation, it was also 
noted that extending mine life would significantly improve resource recovery and utilisation. 
Mine closure and its associated costs have the potential to affect the ultimate pit limit, 
production schedule, mine life and ultimately the profitability and NPV of an operation. 
However, there were some limitations to be considered such as financial parameters 
stochasticity, environmental sustainability and model reliability. The feasibility of life of mine 
extension needs to be evaluated in further study. 
 
  
ii 
 
TABLE OF CONTENTS 
	
ABSTRACT ................................................................................................................................ i	
1	 Introduction ......................................................................................................................... 1	
1.1	 Project Background ................................................................................................... 1	
1.2	 Research Objectives .................................................................................................. 1	
1.3	 Scope ......................................................................................................................... 2	
1.4	 Benefits and Significance to Industry ....................................................................... 2	
2	 Overview of Optimal Mine Planning process ..................................................................... 3	
2.1	 Introduction ............................................................................................................... 3	
2.2	 Strategic Algorithm Extension .................................................................................. 4	
2.3	 Terminal Values ........................................................................................................ 5	
2.4	 Real Option Valuation ............................................................................................... 6	
3	 Overview of Mine Closure ................................................................................................. 7	
3.1	 Introduction ............................................................................................................... 7	
3.2	 Closure Bond and Financial Assurance Effect .......................................................... 7	
3.3	 Closure process optimisation ..................................................................................... 8	
3.4	 Closure Cost Estimation ............................................................................................ 8	
3.5	 Closure Delay ............................................................................................................ 9	
4	 Methodology ..................................................................................................................... 10	
4.1	 DCF Model .............................................................................................................. 10	
iii 
 
4.2	 Economic Pit Limit ................................................................................................. 10	
5	 Case study ......................................................................................................................... 12	
5.1	 Conceptual DCF Model ........................................................................................... 12	
5.2	 Net Present Value Optimisation .............................................................................. 12	
5.3	 2D Block Model (Nehring and Cheng, 2016) ......................................................... 14	
5.3.1	 Background .................................................................................................. 14	
5.3.2	 Pushback sequencing ................................................................................... 16	
5.3.3	 Sequence valuation breakeven pit limit ....................................................... 17	
5.3.4	 Scheduling and final pit limit ...................................................................... 19	
5.3.5	 Considering closure cost .............................................................................. 26	
6	 Case extension .................................................................................................................. 32	
6.1.1	 Open cut coal model .................................................................................... 32	
6.1.2	 Closure cost ratios ....................................................................................... 33	
6.2	 Closure bond effect ................................................................................................. 36	
7	 Discussion ......................................................................................................................... 38	
7.1	 Extension & Sustainability ...................................................................................... 38	
7.2	 Other issues associated with mine life extension .... Error! Bookmark not defined.	
7.3	 Limitations ............................................................................................................... 39	
8	 Risk Management ............................................................................................................. 40	
8.1	 Introduction ............................................................................................................. 40	
8.2	 Potential Hazards and Risk ...................................................................................... 41	
8.3	 Risk Control ............................................................................................................ 41	
8.4	 Contingency Plan .................................................................................................... 42	
iv 
 
9	 Conclusions ....................................................................................................................... 44	
10	 Recommendation .............................................................................................................. 45	
11	 References ......................................................................................................................... 46	
APPENDIX A .......................................................................................................................... 50	
Discounted Closure Cost Table ........................................................................................ 50	
Appendix B .............................................................................................................................. 59	
Loss Offset Table From Closure Discounting .................................................................. 59	
 
  
v 
 
LIST OF TABLES 
Table 1 Case study ................................................................................................................... 12	
Table 2 Incorporating $50M closure cost ................................................................................ 12	
Table 3 Incorporating $20M closure cost ................................................................................ 13	
Table 4 Mining Parameters ...................................................................................................... 14	
Table 5 Unscheduled pushback values .................................................................................... 18	
Table 6 Scheduled pushback values ........................................................................................ 23	
Table 7 Scheduled pushback values ........................................................................................ 25	
Table 8 Life of Mine (LoM) Extension Options ...................................................................... 29	
Table 9 Open cut financial summary ....................................................................................... 33	
Table 10 Discounted closure cost and proportion .................................................................... 34	
Table 11 Closure cost proportion and minimum closure limit ................................................ 34	
Table 12 Advantages and disadvantages of financial assurance through bonding (Poulin and 
Jacques, 2007) .......................................................................................................................... 36	
Table 13 Likelihood and Consequence matrix ........................................................................ 40	
Table 14 Risk levels (after EAF, 2011) ................................................................................... 41	
Table 15 Potential Hazard Identification ................................................................................. 41	
Table 16 Risk control plan ....................................................................................................... 42	
Table 17 Contingency Plan ...................................................................................................... 42	
 
vi 
 
LIST OF FIGURES 
Figure 1 Flexible mine planning process (Fuykschot, 2009) ..................................................... 3	
Figure 2 2D Grade Block Model of copper (Cu) deposit ........................................................ 15	
Figure 3 First 6 Pushbacks ....................................................................................................... 17	
Figure 4 Last 6 Pushbacks ....................................................................................................... 17	
Figure 5 Breakeven Pit limit for copper (Cu) deposit .............................................................. 19	
Figure 6 Year 1 to 5 sequencing .............................................................................................. 20	
Figure 7 Year 6 to 10 sequencing ............................................................................................ 21	
Figure 8 Yearly mining/processing production/extraction schedule for undiscounted 
breakeven pit limit ................................................................................................................... 22	
Figure 9 Processing revenue .................................................................................................... 23	
Figure 10 Optimum Final pit limit ........................................................................................... 24	
Figure 11 Optimum Yearly Scheduling ................................................................................... 24	
Figure 12 Stock Pile simulation ............................................................................................... 25	
Figure 13 Year 11-13 sequencing ............................................................................................ 27	
Figure 14 Year 14-16 sequencing ............................................................................................ 28	
Figure 15 Year 17 sequencing ................................................................................................. 29	
Figure 16 Optimum pit limit for 14 year mine life with $65.0M closure cost ........................ 30	
Figure 17 Yearly scheduling for 14 year mine life with $65.0M closure cost ........................ 30	
Figure 18 NPV vs. closure cost ................................................................................................ 31	
vii 
 
Figure 19 2D Open cut coal model .......................................................................................... 32	
Figure 20 Closure cost proportion graph ................................................................................. 35	
Figure 21 Discounted closure cost ........................................................................................... 35	
 
 
1 
1 INTRODUCTION 
1.1 PROJECT BACKGROUND 
Optimal mine planning enhances performance and approach in delivering maximum net 
present value for increasing long term shareholder wealth. Due to the limitations of previous 
scheduling algorithms evident in operation, not all the realistic policies have been or could be 
implemented. Terminal values such as closure costs are commonly assumed zero in the 
strategic planning development. Such constraint policies are hardly recognised as part of the 
holistic planning process since they often incurred at, or toward the end of the mine life thus 
will be dealt with once closure approaches (Nehring and Cheng, 2016). Mining industries has 
initiated valuation on environmental impacts during life of mine in the last decade, whereas a 
large closure cost is anticipated to be incurred. The elevated closure cost can have profound 
impact on the mining operation, therefore require further investigation and incorporating into 
the optimal planning policies. The incorporation of closure costs into the mine planning 
process may alter the mine design, cut-off grade and production scheduling. One of the most 
sensitive impacts is likely to extend mine life thus discounted closure cost is adjusted, 
delivering a higher net present value. However, such impact of closure costs on mine life 
extension has not been adequately assessed by the industries. A practice is missing that how 
different closure cost variations can affect long term planning policies. This project undertook 
an overview of optimal mine planning process and mine closure, aimed to investigate the 
impact of closure cost on life of mine planning.  
1.2 RESEARCH OBJECTIVES 
The primary objective of this research project was to investigate the impact of mine closure 
cost on life of mine planning and resource recovery. 
The aims associated with the primary objective were: 
• to investigate the implications that changing mine closure costs can have on a mine 
plan with specific emphasis on mine life extension; 
• to evaluate the feasibility of mine life extension from environmental, financial, 
sustainable and technical aspects; 
• to optimise mine closure process associated with closure cost ratio variations; and 
• to analyse the effectiveness and consequences of government closure bond on long 
term mine planning. 
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1.3 SCOPE 
This project introduced a case study of a conceptual 2D block model to investigate the effect 
of mine closure on various aspects of the life of mine planning process. It outlined: 
• Mine life extension strategic plan development; 
• Feasibility evaluation of mine life extension associated with closure cost; 
• Highlighting the improvement on resource recovery; 
• Optimum closure cost ratio discovering; and 
• Financial assurance and government bond effect on mine planning. 
The primary aspect investigated was maximum net present value associated with closure cost. 
A numerical model was utilised to estimate the highest potential Net Present Value thus 
determining a reliable optimal mine life extension plan in which its feasibility would be 
further evaluated from financial provision, technical implications, environmental 
sustainability and closure bond aspects. Hence, the long-term scheduling algorithm 
incorporated with closure cost became feasible and applicable at any stage/ phase of mining 
operation; contributed to Net Present Value maximising and overall cost reducing. 
1.4 BENEFITS AND SIGNIFICANCE TO INDUSTRY 
The current mine planning process are highly possible to deliver a suboptimal mine plan due 
to the lack of sufficient integration and optimisation. Incorporating mine closure and its 
associated cost into the life of mine planning enables mine planner to carry out positive 
outcomes in terms of Net Present Value maximisation, add substantial values to the project. 
Besides the likelihood that closure cost will extend the mine life thus improving profit earning 
and overall cost reduction, moreover it can significantly improve resource recovery, 
efficiency and utilisation without intensive environmental disruption or compromising 
revenue stream. Production increment could reclaim ore that were previously thought of as 
unprofitable waste, integrated into best closure practise thus the mineral resource utilisation is 
optimised to a very high level and improving resource recovery. The resource recovery 
improvement is a significant output to ongoing mining industry. Hence, optimising 
development strategy based on closure cost effect will contribute immeasurably to the success 
of mine closure, ensuring its implementation to be practical and cost effective. 
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2 OVERVIEW OF OPTIMAL MINE PLANNING 
PROCESS 
2.1 INTRODUCTION 
Mining is primarily focused on the financial aspects of maximising profit from valuable ore 
extraction in a metallurgical efficient way. Such efficient extraction is carried out by the 
optimal planning strategy initiated. Optimisation of mine planning policies contribute to 
extracting maximum value out of finite geological resources (King, 2000).  Mine planning 
process would, in theory, consider the interaction between ultimate mining limits, interim 
mining sequences, environmental and operating strategies during the optimisation.  A typical 
cyclical mine planning process which is integrated and aligned with the strategic objectives is 
introduced in Figure 1.  
 
Figure 1 Flexible mine planning process (Fuykschot, 2009) 
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One of the key objectives of the planning process is to maximise the net present value given 
the specific project constraints. This objective is subject to many constraints including long 
term responsible stewardship of the resource and the environment. As King (2000) stated: 
 “Mine planners must often develop strategies to deal with multi-element ores, feeds to 
multiple processes, stockpiles, and specific ore blends. These strategies must maximise the 
business value, ensuring that realistic environmental, mining, processing, marketing and 
financial constraints are imposed.”  
Due to the fact that more of these strategies and constraints are incorporated into the 
optimisation process, the scheduling algorithm is more complex to deal with such that more 
powerful computational methods are adopted. Modern mine planning software performs a 
vital role as fast, accurate, cost effective and efficient tool in order to solve the most complex 
algorithms (Kapageridis, 2005a). Competitive optimisation algorithm software have been 
developed and upgraded in the respect of industry demand.  
2.2 STRATEGIC ALGORITHM EXTENSION 
Two principle methods incorporated in the software packages to determine the ultimate pit 
limit were Floating Cone Method (Laurich, 1990) and LG algorithm (Lerchs and Grossmann, 
1965). Those two methods contributed exact and computationally tractable approaches for 
open-pit design, and associated extensions appear more often in the literature (Newman et al, 
2010a). 
Wright (1989) conducted a case study on dynamic algorithm programming which improved 
effectiveness of ultimate pit limits determination. The model particularly focused on the pit 
boundaries variation that defined equipment capacities and production requirements. Hence, it 
could indicate the varied pits that satisfy the corresponding constraints.  
Underwood and Tolwinski (1998) developed a network-flow algorithm based on the LG 
algorithm carrying out an interpretation of theoretic methodology. Accordingly, it was 
extended by Hochbaum and Chen (2000), to a maximum-flow and push-relabel algorithm 
with improved theoretical complexity and model running time with varying constrains 
imposed. 
Frimpong, Szymanski and Asa (2002) demonstrated that most of the algorithms addressing pit 
limit lack the practice to incorporate stochasticity such as financial, environmental and 
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geotechnical elements. Jalali, Ataee-pour and Shahriar (2006) proposed the use of Markov 
chains to determine ultimate pit limits via spatial constraint aggregation. The authors 
presented an application of the algorithm for a 2D model which was assigned probabilities to 
the existence of pit depths based on the economic values of underlying blocks (Newman et al, 
2010b). However, it was conceded that the method is not applicable to 3D cases. 
Every aspect of the mining industry is currently relying on planning software packages that 
incorporated advanced algorithms. The use of software is becoming more and more 
widespread (Kapageridis, 2005b). Even with commercial software packages, there are still 
numbers of limitations that cannot be automatically optimised with these algorithms tools, 
which may lead to suboptimal planning thus need be further improved. 
2.3 TERMINAL VALUES 
Terminal values were normally assumed to be zero in the algorithms developed for scheduling 
optimisation. This was a reasonable assumption in the past. The revenue generated at the end 
of mine life such as selling off equipment and infrastructure were considered greater the 
closure costs giving little impact on the mining strategy (King, 2000). Closure costs had been 
elevated in recent years from accounting for environmental impacts during exploration, 
feasibility studies, construction, mining and closure activities. Such large closure costs might 
result significant impact on life of mine planning. 
Authors advanced the knowledge and understanding of optimal mine scheduling, addressing 
the optimisation of incorporating large terminal values such as closure costs that improve the 
project NPV within a defined sequence of mining. King (1998) outlined the impact of 
rehabilitation and closure costs on long-term mine planning in respect to the production rate 
and cut-off grade strategy for a mining operation. As the rehabilitation costs related to 
material processing tended to increase cut-off grade and reduce the mine life, incorporation of 
the closure costs would have an adverse effect. King (2000) utilised real case studies to prove 
closure costs impact on the cut-off grade policy, which was reduced throughout the operation 
of the mine to lengthen the mine life; the design of ultimate pit limits and pushbacks might be 
influenced by the terminal value as well. The author provided a typical example where a 
clearer understanding of the timing that closure costs were incurred and the incorporation of 
closure costs might significantly impact a project value. However, the presence of uncertainty 
in design parameters and financial assumptions over long term operation resulted stochastic 
volatility such as commodity price, exchange rate and discount rate variations, which may 
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require a more systematically valuation model ensuring the estimation accuracy. This aspect 
was not well covered in this study; the DCF valuation model used needed to be opened and 
consummated. 
2.4 REAL OPTION VALUATION 
Real Option Valuation (ROV) has capability to incorporate the delaying, expanding, 
contracting and temporarily shutting down a project due to changing economic conditions 
(Morgan, 2013). However, it was not broadly applied in the current mining industry. Morgan 
(2013) also expressed that: 
“Despite its perceived acceptance as the ‘best approach’, the resource industry has been slow 
to implement ROV.  This is most likely to be due to the complexity and general lack of 
understanding of the approach. Another potential reason for the lack of uptake of ROV by the 
industry is perhaps mind-set or culture; some managers will prefer to continue to mine (or to 
plan to continue) until orebody depletion without consideration to the value of temporary or 
permanent project closure.” 
Conversely, conventional Discounted Cash Flow (DCF) method is widely approached to 
project valuation in the planning process. Even so, it is well accepted that DCF model cannot 
capture the value of flexibility (Morgan, 2013). Shafiee, Topal and Nehring (2009) introduced 
an upgraded ROV model that had been applied on the Century zinc mine in Australia and 
compared valuation outcome with DCF approach. The improved ROV model gave a 
significant positive value for the Century Mine regards to the NPV maximisation, when the 
closure and reopening options were available to be incorporated throughout the life of mine 
planning. The idea of making the valuation model opened corresponds to the objective of 
ROV. However, the DCF model had been limited with closure options, in which closure costs 
were assumed to be zero. As King (2000) stated, there was actually a potential of increasing 
in NPV value once closure costs were considered in the holistic planning phase of DCF 
model. Hence, it is further required to carry out more case studies investigating ROV 
approach while a conventional DCF valuation is recommended as a contrast. 
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3 OVERVIEW OF MINE CLOSURE 
3.1 INTRODUCTION 
Mine closure process involves infrastructures removal, equipment demobilisation, 
rehabilitation, and post-closure monitoring and maintenance (Laurence, 2006). Planning for 
the closure of a mine should be carried out as part of the due diligence and pre-feasibility 
study process even it is well accepted that closure approaches towards to the end of mine life. 
Sustainable closure practise integrates environmental, economic and social aspects that should 
be technically feasible, environmentally appropriate, financially affordable and socially 
responsible right through to mine closure. Academics express their views from both the 
mining company’s and sustainable environment’s perspective, showing keen interest in the 
effect of closure on profit maximisation and environment protection. 
3.2 CLOSURE BOND AND FINANCIAL ASSURANCE EFFECT 
From the environment sustainable perspective, Government Bond is a part of closure costs or 
initial capital cost that is critical for the completion of mine closure. In general, funding on 
closure is unprofitable for mining companies but is beneficial for sustainable development 
and environmental protection. Nowadays government legislation and regulations force mining 
companies to increase budgets for mine closure preventing under funding or inability to fund 
closure due to bankruptcy at the end of mine life. It is uncertain on this capital increasing that 
will result a positive impact and whether it is feasible.  
Literature showed that direct controls on closure bond were not effective in some cases 
including several case studies from Brazil. It suggested and explained the use of a new 
developed bonding system as one type of economic incentive that had proven to be an 
effective environmental policy in mine planning and closure (Kahn et al, 2001). However, 
from the mining company’s perspective, these bonds were counter-productive as they cut into 
profits. Another paper indicated that the closure bond affects the orebody size and ultimately 
final pit limit; the consequence of raised closure costs would reduce ore volumes and increase 
cut-off and average ore grade (Peck and Sinding, 2009). It concluded that raising bonds and 
closure cost would change the optimal operational strategy of the mine to accommodate a 
lower amount of ore due to higher cut-off grade thus reducing the profit gain. However, 
throughout the paper, the conflict between the company profits and good environmental 
performance due to the closure bond was not clearly mentioned or highlighted  
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The financial acceptability of closure bond and costs has impacted on current and on-going 
mine design including life of mine, pit limit, excavation phase etc. An appropriate closure 
bond amount is still an issue pressing for solution.   
3.3 CLOSURE PROCESS OPTIMISATION 
From the mining company’s perspective, optimising closure process is beneficial to profit, 
and may have a positive impact on the quality of environment sustainable development if the 
company conducts more rehabilitation work rather than reducing the closure capital.  
Mine closure at the Rietspruit opencast mine in South Africa had a unique plan that lists 
substantial items that could be optimised to minimise closure cost (Anonymous, 2007).It 
reduced rehabilitation cost by using combined equipment and during the mine exploration a 
higher capital cost hd been made. Another example showed that one designed flotation 
tailings disposal impoundment in Nevada had an extremely high estimated closure cost for the 
conceptual design which was closed to the project’s capital costs. The design was then 
modified to reduce the closure cost. As a result, an estimated 25 percent reduction in short-
term capital was achieved (Dave and Breese, 2012). 
3.4 CLOSURE COST ESTIMATION  
Either closure cost or government bond is closely linked to the estimation results from 
planning professionals. Mine closure cost is supposed to be precisely estimated in the pre-
feasibility stage. However, the cost estimation of the long-term closure program is quite 
complex (James, Steve van and Stobart, 2005). Engineers and planners are struggling to 
choose a proper estimation method. Parshley (2012) introduced three types of closure cost 
estimation that had been developed: Financial Assurance estimates, Life-of-Mine cost 
estimates, and Asset Retirement Obligation estimates. Life Of Mine (LOM) cost estimated 
typically use operator rates, include all closure costs associated with the current mine plan, 
and are usually reported on a cash-flow basis (Parshley, 2012). It was a common used method 
and had compact association with mine design. Evaluation the impact of changing mine 
design on closure cost would be investigated in this project based on LOM cost estimation. 
Additionally, other authors indicated numbers of mine closure consideration, closure 
implementation for major site components and closure monitoring program that would be 
assistive for selection of the appropriate mine closure design thus estimating the closure cost 
(McHaina, 2001). The literature outlined the impacts of the above factors involved in mine 
closure liability estimation. These factors were particular important in the case of mine 
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closure planning and financial provision because underfunding of closure cost would fail to 
obtain government approval and might lead to liquidation. 
3.5 CLOSURE DELAY 
The success on mining sustainable development is highly expected through mine closure 
planning process. Even delaying the time closure incurred appears to be in conflict with 
resource sustainability since it depletes finite resources, the available evidence suggestd that 
additions to wealth reserves through delaying closure would have more than offset reductions 
through depletion of existing mines over the last several decades (Anon, 1996).This included 
three key elements: economy, efficiency and the community.  
The key economic objective is to maximise the potential profit from the deposit. Delaying 
closure extends mine life hence optimising project NPV, also achieves higher profit that 
creates advantages for economy sustainability. 
A mine also must be efficient in the way the resource is managed and extracted where mining 
engineers, geologists and metallurgists collaborate to optimise resource extraction (Australia 
Mining Industry, 2011a). Efficiency itself can be termed as mining resource efficiency; 
aiming on extracting as close to 100% of the ore body as possible, as the metal values were 
exceptionally high. Examples of non-efficient mining practices includes ‘high grading’ the 
ore body, which entails mining only the highest-grade material for short term gain (Australia 
Mining Industry, 2011b). This could be caused by imposing high government bonding where 
with a higher cut-off grade; the volume of ore mined over the life of the mine will be lower. 
On the contrary of ‘high grading mining’, the extension of mine life by delaying closure will 
increase the volume of ore extraction, and improve the mineral resource efficiency without 
compromising the revenue stream. Hence, it creates advantages for resource recovery. 
From the perspective of community, mine is also operated by undertaking various initiatives, 
including preferentially employing local people; training and providing skills in businesses or 
enterprises (Australia Mining Industry, 2011c). Once the mine is shut down, it certainly will 
reduce local employment. Therefore, delaying closure will sustain the human capital to 
community. The company withdraws capital to build extensive training workshops to provide 
other skills through apprenticeship and other programs that encourage developing local 
business, farming or relocation employment for the local community. 
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4 METHODOLOGY 
4.1 DCF MODEL 
In terms of project value, discounted cash flow (DCF) values a project based upon the 
concepts of the time value of money. Future values (FV) are discounted to present values 
(PV). The sum of all present values is defined as net present value (NPV). Applying financial 
modelling techniques in mining valuations discounted cash flow analysis the following key 
factors need to be considered: 
• Metal/commodities prices 
• operating costs 
• the USD / AUD exchange rates (this is necessary as most resources are priced in the 
world markets in USD) 
• production volumes 
• capital expenditure 
Within a financial model, a discount factor is assumed to be 10% at the current stage. For 
example, today’s year 0 1 million Australian dollar is worth 0.909 million in year 1 and 
0.385 million in year 10. Based upon this theory, cost and revenue will be depreciated versus 
time. By delaying the cost to be incurred, there will be a financial advantage achieved in the 
financial model. Thus, mine closure cost is to be delayed by extending mine life to reduce 
overall cost. However, extending mine life may result loss by mining below the cut-off grade. 
4.2 ECONOMIC PIT LIMIT 
Extraction of mineral commodity that involves the removal of waste overburden prior to 
extraction of valuable ore involves determining the stripping ratio (coal) or cut-off grade 
(metal). Stripping ratio is expressed broadly as the ratio of waste to ore. It’s simply 
calculating how much waste has to be removed to expose how much of ore to be mined. 
Stripping ratio determines where the pit limit will be.  
There are basically three (3) forms of stripping ratios. The overall stripping ratio (average 
stripping ratio), the maximum allowable stripping (break even stripping ratio), and the 
instantaneous stripping ratio (incremental stripping ratio). The units for stripping ratios can 
vary and usually depends on the geological properties of the deposit and the commodity 
mined. It can be expressed in tonnes (t), or cubic meters (m3). Usually for coal, cubic meters 
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(m3) or tonnes (t) are used. However, for hard rock mines where the geology is usually 
complex with the presence of various rock types, tonnage (t) is usually preferred. 
In this research project, the maximum allowable stripping ratio (cut-off) was significant 
because it was purely economic ratio and determines the pit limit at current economic 
scenario. Cost was applied to the physical waste and ore tonnages and that determined the 
profitability. 
In the LOM planning process, mining engineers define the ultimate economic pit lime by 
using mine planning/optimisation software, in which it chooses the highest NPV scenario. For 
any mining activities further than that, it is not going to make any profit. 
If there is any chance that discounted closure cost can fully offset the loss from mining out of 
the economic pit limit, is going to be determined in this project.  
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5 CASE STUDY 
5.1 CONCEPTUAL DCF MODEL 
In order to demonstrate how mine closure cost may affect the life of mine planning of an ore 
deposit, a simplified case study had been developed that explored how the optimal mine plan 
varies with closure cost amounts. Assume scheduling and sequencing had been completed by 
technicians. The discounted cashflow for each pushback were summarised in Table 1.  
Table 1 Case study  
Pushback Extraction Life (year) Present Value ($M) Cumulative Value ($M) 
CAPEX 0 -100 -100 
1 3 35 -65 
2 7 42 -23 
3 10 37 14 
4 12 24 38 
5 14 3 41 
6 15 -1.4 39.6 
7 16 -2.4 37.2 
8 18 1.2 38.4 
9 19 -4.4 34 
Pushback 5 produced the highest cumulative values of $41M, which indicated mining ceases 
at year 14 without closure cost. 
5.2 NET PRESENT VALUE OPTIMISATION 
Closure cost should be considered from the outset during the strategic planning phase. In this 
case, both $50M and $20M Closure costs were incorporated into the cashflow valuation (in 
the year immediately after ceasing operations). The final NPV including CAPEX and closure 
cost were then estimated in Table 2 and 3 respectively for each scenario. 
Table 2 Incorporating $50M closure cost 
Pushback Cumulative Values ($M) Discounted Closure Cost ($M) NPV ($M) Mine Life (year) 
CAPEX -100 -50.0 -150 0 
1 -65 -32.9 -97.9 3 
2 -23 -18.8 -41.8 7 
3 14 -12.4 1.6 10 
4 38 -9.3 28.7 12 
5 41 -7.1 33.9 14 
13 
6 39.6 -6.1 33.5 15 
7 37.2 -5.3 31.9 16 
8 38.4 -4.0 34.4 18 
9 34 -3.5 30.5 19 
By incorporating $50M closure cost, Pushback 8 produces the highest cumulative values of 
$34.4M, which indicates mining ceases at year 18 with a $0.5M increment than Pushback 5. 
Table 3 Incorporating $20M closure cost 
Pushback Cumulative Values ($M) Discounted Closure Cost ($M) NPV ($M) Mine Life (year) 
CAPEX -100 -20.0 -120 0 
1 -65 -13.2 -78.2 3 
2 -23 -7.5 -30.5 7 
3 14 -4.9 9.1 10 
4 38 -3.7 34.3 12 
5 41 -2.8 38.2 14 
6 39.6 -2.4 37.2 15 
7 37.2 -2.1 35.1 16 
8 38.4 -1.6 36.8 18 
9 34 -1.4 32.6 19 
By incorporating $20M closure cost, Pushback 5 produced the highest cumulative values of 
$38.2M, which indicated mining ceases at year 14. It was noticed that different closure costs 
altered the mine life variably. The greater the closure cost the better it is to alter the mine plan 
to increase mine life, even if this is at a loss. As closure cost goes higher, the discounted value 
from delaying closure would offset the loss of processing low-grade ore in such way leading 
mine life extension economically feasible.  
It was suggested to create a conceptual 2D block model in nature, based on real operational 
scenarios with tonnages, grades, resource limitations and sequencing interactions reflective of 
real operations, thus improving the outcome confidence. Moreover, the extension of the study 
could be approached to open cut mine cases such that a comprehensive investigation was fully 
conducted.  
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5.3 2D BLOCK MODEL (NEHRING AND CHENG, 2016) 
5.3.1 Background  
A 2D block model shown in Figure 2, was developed from geological fundamentals, which 
had been derived from theoretical knowledge and research studies with certain approaches 
towards the grade distribution and orebody features. It was utilised to demonstrates how the 
LoM plan could be changed with a range of closure costs incorporated, and the associated 
strategies and benefits.  
The mine that was investigated was an open pit copper mine which had an annual production 
rate of 30 Mt (10 blocks) and processing rate of 9 Mt (3 blocks), situated in the Australia. The 
open pit operation had begun production in 2015 and the life of the mine was to be 
determined. The long term mine planner estimated the range of closure cost is approximate 
$50-$200 million Australian dollars; about $30-$120M would spend after the cease of 
production and $20-$80M would spend after the cease of ore processing, this was assumed to 
be 60% after mining and 40% after processing. The company aimed to chase the highest 
possible profit could be made, hence analysing if there was any design component need to be 
adjusted especially on mine life and final pit limit. This case resulted in how the closure cost 
could alter the mine design in company’s perspective by targeting financial (economic) 
advantages. 
The deposit was firstly broken into a number of smaller blocks. The combination of all the 
blocks that comprise the ore body is known as a block model (Nehring, 2014). Input 
parameters and block model had been presented in Table 4 and Figure 2. All blocks were 
equal in dimension, sizes and tonnage. The values assumed were within the common metal 
mine scope. Copper price was quoted as the international market spot price at December of 
2014, London Metal Exchange in AUS dollar. Intending to simplify numerical modeling, it 
was assumed all the parameters were constant instead of floating values.  Strategic mine 
planning process formed the base of this investigation, for sequence and scheduling a number 
of pre-determined technically feasible operating options needed to be assessed as having the 
most prominent impact on the value on the NPV. 
Table 4 Mining Parameters 
CAPEX $300M 
Closure Cost $50-200M 
Tonnage per block 3Mt 
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Copper Price $7500/t 
Mine Capacity 30Mt/yr (Fully utilized) 
Mill Capacity 9Mt/yr   (Fully utilized) 
Number of Blocks 575 
Mining cost $3.0/t +$0.5/t each lower depth level 
Processing cost $15.0/t 
Mill recovery 85% 
Discount rate 10% 
Breakeven cut-off 0.235% 
 
Figure 2 2D Grade Block Model of copper (Cu) deposit 
The case study was made from the following assumptions as a basis for technical 
investigation purposes: 
• Open pit slope angle maintained at 45 degrees 
• 60% of total mine closure cost incurred in the year after ceasing extraction, 40% 
incurred in the year after the ceasing processing 
• Fully utilized mining and processing capacities each year with the exception of the 
final year. 
• Fixed copper price, costs and discount rate across the life of mine 
• Unlimited stockpile capacity with each block retains its original grade 
• Ore can be extracted and processed within the same year 
• Product sold to market in the same year that it has been processed 
• No lagged revenues 
• Extraction must remain within the footprint of block model 
• No ramp –up required, pre-stripping also not mandatory 
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• Block dimensions are compatible with the size of equipment that may be used in the 
open pit truck and shovel exploitation of the deposit 
An Excel based financial model for this copper mine had been developed. Basis of Estimation 
includes: 
• Base Date: the base date of the model is 1st January 2015. 
• Estimates: costs are industry estimates obtained through current mining operation 
averages as well as information available through current negotiations of rail and port 
agreements.  
• Escalation: the project cash flows and associated financials are expressed in real 
dollars without converting to nominal dollars using a CPI estimate. Unit rate 
summaries for price and operating costs are expressed in real dollars so more 
meaningful comparisons between time periods can be made. 
• Currency: inputs into the financial model are expressed in both Australian and United 
States dollars. Where inputs are expressed in USD an exchange rate has been used to 
calculate the AUD equivalent. 
• Discount Rate: a 10% Real discount rate has been applied when calculating Net 
Present Value estimates. 
• LOM Average Unit Rates: Where unit rates are quoted on an average life of mine 
basis, these unit rates are quoted on a Total LOM average unit cost basis. 
• Production Schedule: based on schedule developed by utilising FC and LG method 
• Revenue: current estimates based on spot market price 
• Capital: based on information searched from similar capacity project 
• Rehabilitation Bond: Not included. It is assumed that financial assurance is higher 
than the actual closure and rehabilitation cost. 
5.3.2 Pushback sequencing 
Block valuation forms the basis for all mine planning activities (Nehring, 2014). Each block is 
valued by considering the sale revenue and the cost of mining and processing. By calculating 
the present value for each single block using the parameters above followed sequencing rules, 
pushbacks had been determined and shown in Figure 3 (which shows the first 6 pushbacks) 
and Figure 4 (which shows the final 6 pushbacks). There were total 23 pushbacks. Extraction 
could not be continued since mining was out the acquired region which was not permitted. 
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The yellow coloured blocks represented the ore blocks that extracted in that pushback period 
as the white ones were extracted. 
 
Figure 3 First 6 Pushbacks 
 
Figure 4 Last 6 Pushbacks 
 
5.3.3 Sequence valuation breakeven pit limit 
Following the pushback sequence, it was able to determine the optimum pit limit by analysing 
pushback scenarios for an unconstrained mining and milling capacity using the above 
pushback sequence and assuming that each block is square and using a 45°slope angle. As 
shown in Table 5, the highest cumulative pushback value of $1,411.0M was generated at 
pushback 21. If mining continued to pushback 22, total value was decreased since the cost of 
accessing pushback 22 exceeded the revenue that would be obtained from processing and 
selling the copper contained within its ore blocks. Thus, the breakeven pit limit was at 
pushback 21 as illustrated in Figure 5.  
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Table 5 Unscheduled pushback values 
Pushback# Value($M) Cumulative Value($M) 
1 -9.0 -9 
2 15.2 6.2 
3 10.5 16.7 
4 10.3 27 
5 25.4 52.4 
6 14.8 67.2 
7 -0.8 66.4 
8 31.1 97.5 
9 43.9 141.4 
10 -5.0 136.4 
11 -0.2 136.2 
12 -7.0 129.2 
13 122.7 251.9 
14 116.5 368.4 
15 196.2 564.6 
16 186.6 751.2 
17 260.3 1011.5 
18 398.2 1409.7 
19 -3.5 1406.2 
20 -13.8 1392.4 
21 18.6 1411.0 
22 -101.1 1309.9 
23 -130.4 1179.5 
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Figure 5 Breakeven Pit limit for copper (Cu) deposit 
5.3.4 Scheduling and final pit limit 
The above pit limit did not consider the time value of money or DCF. When considering 
restrictions of time value of money, the optimum mining strategy would be different from 
undiscounted planning. Based on the capacity constraints and discount rate outlined in Table 
4, a yearly production and processing schedule which followed the pre-determined pushback 
sequence illustrated in Figure 6 and 7 was generated. Only first 10 years of mining was shown. 
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Figure 6 Year 1 to 5 sequencing 
21 
 
Figure 7 Year 6 to 10 sequencing 
This results in the schedule illustrated in Figure 8. The number with ‘P’ represented the year 
in which the block was processed. Yearly scheduling and sequencing indicated that 
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mining/extraction would cease in year 15, while low grade ore processing continues for 
another 2 years to finish in year 17.  
 
Figure 8 Yearly mining/processing production/extraction schedule for undiscounted breakeven pit limit 
The corresponded processing revenue was shown in Figure 9, which demonstrated the 
scheduling and sequencing rational. The discounted pushback values had been computed as 
shown in Table 6. Pushback 18 had the highest cumulative discounted value of $270.9M. It 
was then re-run the optimisation processing to get the optimum scheduling results that 
maximise NVP. This process involved present valuation in the block model, which tended to 
increase the cut off thus reducing the pit shell size to accommodate discounted cash flow. The 
scheduled ultimate pit limit was thus reduced in size to occur at pushback 18.  
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Figure 9 Processing revenue 
Table 6 Scheduled pushback values 
Pushback# Value($M) Cumulative Value($M) 
CAPEX -300 -300 
1 -8.18 -308.2 
2 13.85 -294.3 
3 9.55 -284.8 
4 7.77 -277 
5 6.35 -270.7 
6 10.17 -260.5 
7 -11.63 -272.1 
8 11.25 -260.9 
9 18.56 -242.3 
10 -11.78 -254.1 
11 -14.64 -268.7 
12 -4.78 -273.5 
13 79.07 -194.4 
14 32.75 -161.7 
15 100.72 -60.97 
16 79.45 18.48 
17 101.52 120 
18 150.85 270.85 
19 -2.16 268.69 
20 -8.56 260.13 
21 2.06 262.19 
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The optimum pit limit outlined for the scheduled scenario at pushback 18 was thus shown in 
Figure 10 with the deepest block occurring at X12Y10. 
 
Figure 10 Optimum Final pit limit  
The subsequent new yearly schedule was presented in Figure 11. Ore extraction would cease 
in year 10 and processing would cease in year 14.  
Figure 11 Optimum Yearly Scheduling 
Any difference that occurred between the year a block was mined and the year it was 
processed represented the time the block was spent being stockpiled. The decision of which 
blocks were sent for processing in each year was based upon the highest value blocks between 
those already on stockpile and those being mined in that year. Figure 12 represented the 
stockpile simulation; red coloured were the ore that was processed in that year for sale. The 
processing revenue had already included mining cost in the financial model, but not waste 
cost. Numbers were rounded.  
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Figure 12 Stock Pile simulation 
By altering processing sequence from stockpile optimization, the final optimum cumulative 
values of pushback 18 had been upgraded to $284M without closure cost, formed the ultimate 
NPV value within this 2D model, as shown in Table 7. It was important to note that closure 
costs still had not been considered. 
Table 7 Scheduled pushback values 
Pushback# Value($M) Cumulative Value($M) 
CAPEX -300 -300 
1 -8.18 -308.18 
2 13.85 -294.33 
3 9.55 -284.78 
4 7.77 -277.01 
5 8.48 -268.53 
6 10.17 -258.36 
7 -10.40 -268.76 
8 12.29 -256.47 
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9 20.47 -236 
10 -10.83 -246.83 
11 -13.06 -259.89 
12 -4.78 -264.67 
13 79.07 -185.6 
14 35.63 -149.97 
15 100.72 -49.25 
16 79.45 30.2 
17 102.79 132.99 
18 150.85 283.84 
19 -2.16 281.68 
20 -8.56 273.12 
21 2.06 275.18 
5.3.5 Considering closure cost 
Mine closure cost estimation is an important part of the mine financial evaluation process. It 
should be considered from the outset during the feasibility and strategic planning phase. From 
an NPV perspective, in many cases it may actually be better for a company to extend mine 
life by continuing to mine and process low grade ore even at a slight loss if it means that 
depreciating closure cost (due to the effect of discounting) can offset the loss from mining and 
processing marginal or even slightly negative revenue blocks. 
When considering the impact of closure cost on the associated NPV, an extension of mine life 
is investigated as part of this case study. Since it is understood that extending mine life will 
reduce the impact of the closure cost due to the effect of discounting, the question then 
becomes, what is the minimum closure cost whereby it would be financially feasible to extend 
mine life? Since extending mine life requires mining to push beyond the current optimal pit 
limits (which would effectively reduce value), at some closure cost it may be financially 
optimal to extend mine life if it can offset the impact of the cost. To investigate this, mine life 
had been extended in yearly increments from 10 years of mine production to 17 years of mine 
production. Associated sequencing and scheduling were shown in Figure 13 to 15. 
Each of the extension option were given a new optimum NPV estimation. It was expected that 
NPV is lower comparing the base case, 10 year’s mining. Year 12 option was not valid since 
there is no ore could be mined. 
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Figure 13 Year 11-13 sequencing 
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Figure 14 Year 14-16 sequencing 
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Figure 15 Year 17 sequencing 
The discounted block values (CAPX included) had been calculated thus minimum closure 
cost limit could be determined via numerical modelling. If the closure cost was above the 
limit value, then it was economical feasible to extend the mine life to the specific years 
because the gap between the two discounted closure costs could offset the loss of extending 
extraction life. The minimum closure required was calculated through life of mine from 10 to 
17 years.  
Table 8 Life of Mine (LoM) Extension Options 
LOM (years) Value of Mine Plan ($M) Min loss to be offset 
($M) 
Min closure cost to 
offset loss ($M) 
10 283.84 N/A N/A 
11 278.97 5.02 >180 
12 N/A N/A N/A 
13 269.25 14.74 >242 
14 277.78 6.21 >65 
15 262.42 21.57 >195 
16 238.75 45.24 >370 
17 212.06 71.93 >520 
Table 8 results suggested that extending extraction life to 14 years was the most profitable 
option since a lower closure cost limit could offset more loss. Pit limit and yearly scheduling 
had been altered. From the analysis for this particular deposit it could be seen that an 
extension to extraction life to 14 years was a financially sound proposition should closure 
costs exceed $65.0M in total ($39.0M in the year immediately after mining had ceased and 
$26.0M in the year immediately after processing has ceased). Another very important aspect 
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to note was that; not only would this make financial sense; but this would also significantly 
improve resource recovery of the deposit. 
Final pit limit and yearly scheduling was displayed in Figure 16 and 17 respectively to show 
what the new mine plan would look like under this scenario.  
 
Figure 16 Optimum pit limit for 14 year mine life with $65.0M closure cost 
As shown in the scheduling plan, the completion of processing was delayed to year 16 from 
the previous 14 year processing life. The closure cost at the completion of mining was 
delayed 4 years as the completion of processing was delayed by 2 years. 
 
Figure 17 Yearly scheduling for 14 year mine life with $65.0M closure cost 
Yearly cash flow data indicated that the NPV of an operation with a 10 year mine life was 
about $7.0M higher than an operation with a 14 year mine life when closure cost was $0.0M. 
Once closure costs are applied, the NPVs wouldcontinue to narrow until the cross-over point 
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of $65.0M closure cost was reached. From the graph contained in Figure 18, it was evident 
that the NPV for the 14 year extraction plan gradually became greater than that of the 10 year 
extraction plan as closure costs were increased further beyond $65.0M. This was once again a 
function of the shape of the deposit being exploited and when subsequent pushbacks were 
required to enter production. It was vital for any operation to alter the mine plan accordingly 
if and when closure costs change. 
 
Figure 18 NPV vs. closure cost 
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6 CASE EXTENSION 
6.1.1 Open cut coal model 
Following the open pit copper mine case study, it was worth that to extend into a 2D open cut 
coal model which was shown in Figure 19.  
 
Figure 19 2D Open cut coal model 
The operating cost estimate was based on a dragline operation supported by dozer and truck 
shovel fleets moving approximately 12Mbcm per annum. The majority of waste was moved 
by the low cost dragline and dozing method resulting in relatively low stripping costs that 
reflected to the coal operations in Central Queensland. ROM coal was approximately 2Mtpa. 
Annual product coal was 1.7 Mtpa. 
The mining operation including topsoil/clearing, blasting, waste removal, mining, load and 
haul and mine administration was undertaken as a contract operation using the existing 
dragline and earth moving fleet if required. Processing was also modelled as a contract 
operation through a 2Mtpa sized wash plant currently at site and the crushing, product 
stockpile and train loading facility were based on a tolling charge from owner.  
The key economic assumptions were: 
• Discount Rate: 10% Real 
• Exchange Rate (US): 0.79 
• Tax Rate: 30% tax rate applied. 
• Escalation: No CPI applied 
Pricing assumptions were based on applying a discount factor against a Newcastle thermal 
coal benchmark price 6,322 kcal/kg GAR to reflect differences from benchmark energy and 
quality. The benchmark price and discount assumptions were: 
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• Benchmark $US/t (FOB): $80.00/t 
• Discount Factor: 85% for exporting 
The modelling did not incorporate the receipt of the rehabilitation bond from RTL and 
charges relating to the bank guarantee for rehabilitation.  
From the FTM results shown in Table 9, the economic cut-off strip was ‘S’, the minimum 
closure cost to extend the mining to strip ‘T’ is A$5 M. It was noted that the area of 
disturbance was increased. 
Table 9 Open cut financial summary 
Strips Value of Mine Plan ($M) Min loss to be offset 
($M) 
Min closure cost to 
offset loss ($M) 
S 450.3 N/A N/A 
T 449 1.3 >5 
U 421.5 29.8 >230 
V 401 49.3 >450 
W 361 89.3 >977 
6.1.2 Closure cost ratios 
In term of optimum closure planning strategy, itwas recommended that an investigation on 
closure cost ratio should be conducted to evaluate different closure cost planning options. It 
wasnoticed that different closure cost ratio may result changings in NPV, either reduction or 
growth, depends on sum of the present value of closure cost after cease of extracting and 
processing.  
In the previous assumptions made, a 6:4 ratio of closure expenditure was made for cease of 
mining and processing respectively. It might have a slight difference if this proportion is 
changed. It was found that the closure cost limit to offset losses decreases with increasing 
closure input after ceasing extraction. This was due to the earlier extraction completion 
compared to processing; the value that could be discounted is higher from early years than 
later. For example, if there was a fixed total closure cost of $100M, $80M closure input after 
cease of extraction would offset more loss from year 12 to year 13 than $70M input. 
However, the final discounted closure cost would be higher if a higher cost had been spent in 
the early year. For a particular scenario, there might be an optimum proportion to be selected, 
in which lowing the closure cost limit by increasing early spending means more losses could 
be offset even if the discounted closure cost was slightly increased.  
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The percentage was the closure cost incurred after the ceasing of mining. As the percentage 
increases, the minimum closure cost to offset the loss was decreasing.  In order to prove this, 
ten sets of different closure cost ratios were conducted and the computational results were 
shown in Table 10 and 11. 
Table 10 Discounted closure cost and proportion 
Closure 
Cost($M) 
10% 20% 30% 40% 50% 60% 70% 80%  90% 
50 8.5 8.7 9.0 9.3 9.6 9.8 10.1 10.3 10.6 
100 16.9 17.4 18.0 18.5 19.1 19.6 20.1 20.6 21.2 
150 25.3 26.2 27.0 27.8 28.6 29.4 30.2 31.1 31.9 
200 33.8 34.9 36.0 37.0 38.1 39.2 40.2 41.3 42.4 
250 42.3 43.6 44.9 46.3 47.6 48.9 50.2 51.5 52.8 
 
Table 11 Closure cost proportion and minimum closure limit 
Extension (year) 10% 20% 30% 40% 50% 60% 70% 80% 90% 
1 220 210 202 195 187 180 175 168 163 
3 520 425 358 310 272 242 220 200 184 
4 79 75 72 70 67 65 62 60 58 
5 265 248 232 218 207 195 186 178 169 
After determining the discounted closure cost (further value) of various closure cost values, 
the discounted cost remained as a positive relationship with the closure proportion shown in 
Figure 20 and 21. The higher early closure cost input after cease of mining would result in a 
higher final discounted cost value thus cutting the NPV. It could be concluded that the 
company should minimize the cost in the year after ceasing mining or delay the higher cost 
program as late as possible. This would have impact on both mine design and closure design. 
Planners are ought to control the cost in each year and make mining schedules fitted such as 
labour force, equipment, working load etc. But it’s still viable to for companies to run this 
simulation on various cost ratios then examine if there is an optimum way to cut the cost 
within the financial provision. 
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Figure 20 Closure cost proportion graph 
 
Figure 21 Discounted closure cost 
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6.2 CLOSURE BOND EFFECT 
Besides from the estimated closure cost, closure bond may have similar impact to closure cost 
on altering the mine planning. It is necessary to analyse the effectiveness of bond amount. In 
recent years, government requires mining companies to provide environmental financial 
assurance (EFA) to guarantee the costs of mine closure at the end of a mine’s life (George, 
2005). For most new operations, EFA is regarded as a bond payment before project approval 
to cover the costs of unfinished environmental rehabilitation in the event that the company 
files for liquidation. The bond payment is a part of capital cost and this environmental bond 
system for mine rehabilitation is similar to the estimated closure cost in the case study but its 
liquidity starts prior to the actual mining work commencing. There are some advantages and 
disadvantages of using bonding system for mine closure completion discussed in journal 
papers. As is difficult for government agencies to estimate the future closure cost to set the 
bond amount, they rely on the cost estimation provided by mining companies.  
Table 12 Advantages and disadvantages of financial assurance through bonding (Poulin and Jacques, 2007) 
Advantages Disadvantages 
• Protection against unfounded 
reclamation needs. 
• Relies on individual performance 
objectives, rather than broadly 
applied standards. 
• Bond payments into escrow 
accounts have great symbolic and 
hence political value. 
• Posting a bond is a form of 
commitment by mine company 
• Depends on monitoring, including 
the resources allocated and the 
expertise available, both to 
governments negotiating bond size 
and terms, and to bond issuers. 
• Bond size and thus minimum 
reclamation is a floor, not an 
optimum. 
• Bonds are not immune to political 
pressure. 
• Difficulties in measuring future 
reclamation costs and setting bond 
amounts. 
• Insufficient bond amounts due to 
unforeseen changes. 
• Bonds create liquidity constraints 
Higher funding in closure phase guarantees the quality of mine rehabilitation. However, it 
forces the company to unduly depress capital availability or damage the investment climate 
that will directly influence the mine size, production ability, asset, profitability and so on 
issues in long term mine planning.  
Mines will usually extract higher-grade volumes of ore to generate a profit. However, 
increasing environmental and social costs (bond) raises capital and operating costs and raises 
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the cut-off grade as well as the average grade of ore actually mined. Profits and the tax base 
will be lower as a result. The unexploited mineral resource becomes unavailable if the ‘mine 
lake’ closure method is applied to an open pit mine. Even using backfill method, it is still 
unprofitable to re-open the mine site for production in the further. Non-renewable resource 
utilization reaches to a low level which is against the sustainable mining as minerals and 
metals having a key role to play in underpinning the prosperity of current and future 
civilizations. 
Generally speaking a higher bond has positive impact in environment protection but negative 
impact in economic, financial and level of resources utilization (sustainable development) 
aspects. The author recommends that government is better to attend to this issue. Appropriate 
bond amount depends on the financial strength of the mining company, the amount of the 
potential environmental liability, the time frame over which the liability is to be extinguished 
and so on (George, 2005a). For an individual operation, the environmental financial assurance 
or bond collection should meet two criteria. One is that it should be effective in assuring the 
government that the operator can take all necessary and reasonable measures to protect the 
environment and another is to be the least costly of all the effective regulation to protect 
companies’ profit.  Mining firms can argue to government that concurrent remediation funded 
from mine cash flow is a much more efficient option than solutions such as bonding and post-
mining clean up (George, 2005b).  
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7 DISCUSSION  
7.1 EXTENSION & SUSTAINABILITY 
The success on mining sustainable development is highly expected through mine closure 
planning process. Even this case study approach appears to be in conflict with resource 
sustainability because it depletes finite resources, the available evidence suggests that 
additions to wealth reserves through mine life extension have more than offset reductions 
through depletion of existing mines over the last several decades (Worrall et al, 2009). This 
includes three key elements: economy, efficiency and the community.  
The key economic objective is to maximise the potential profit from the deposit. This will 
also maximise the equitable benefits to all stakeholders, including shareholders, employees, 
local communities and businesses, which depend on the mine, as well as the governments that 
benefit by means of taxes and royalties (Bridge, 2004a). Closure cost alters the life of mine 
hence optimising the mine plan strategies in terms of maximising NPV.  As the case study 
stated, the extension of mine life achieved higher profit that creates advantages for economy 
sustainability. 
A mine also has to be efficient in the way the resource is managed and extracted where 
mining engineers, geologists and metallurgists collaborate to optimise resource extraction 
(Bridge, 2004b). Efficiency itself can be termed as mining resource efficiency; aiming on 
extracting as close to 100% of the ore body as possible, as the metal values were 
exceptionally high. Examples of non- efficient mining practices includes ‘high grading’ the 
ore body, which entails mining only the highest grade material for short term gain (Bridge, 
2004c). This could be caused by imposing high government bonding where with a higher cut-
off grade; the volume of ore mined over the life of the mine will be lower. On the contrary of 
‘high grading mining’, the extension of mine life will increase the volume of ore extraction, 
and improve the mineral resource efficiency without compromising the revenue stream. 
Hence, it creates advantages for resource recovery. 
From the perspective of community, mine is also operated by undertaking various initiatives, 
including preferentially employing local people; training and providing skills in businesses or 
enterprises. Once the mine is shut down, it certainly will reduce local employment. Therefore, 
extension on mine life sustains the human capital to community. The company withdraws 
capital from closure cost to build extensive training workshops to provide other skills through 
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apprenticeship and other programs that encourage developing local business, farming or 
relocation employment for the local community. 
7.2 LIMITATIONS 
From the results it can be concluded that larger closure cost tends to extend mine life to meet 
an optimal NPV. It is a financially sound argument should closure costs exceed $50M based 
on this case study. Not only is does this make financial sense; this would also significantly 
improve resource recovery from extracting non-profitable ore under current economic 
conditions. In this case, production extension increases volume of ore extraction and lowering 
cut-off grade thus improves the mineral resource efficiency without compromising the 
revenue stream. Delaying the closure cost by extending life of mine is profitable but some 
issues behind this must be considered.  The impact of cost and design is a complex iterated 
process but in this case study closure cost amount was assumed to be constant even if there is 
an extension on mine life. In real mining operations, it is uncertain beyond financial, social 
and environment aspects.  
In the same manner, extending mine life raises the production causing negative impacts on the 
environment (Worrall et al, 2009). The magnitude of such impacts is increasing as production 
increases and ore grades decline (Giurco and Petrie, 2007).Thus more ore is mined (Topp, 
2008), and higher waste rock generation and greenhouse gas will make greater social 
pressures on new and existing mining operations (Mudd, 2007). This raises a challenge: the 
degree of environmental impact is proportional to the volume of ore extracted or the area of 
land affected—both related to the size of operations or length of time of operations, but not 
necessarily to profits. Therefore, the feasibility of life of mine extension needs to be evaluated 
in further study. 
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8 RISK MANAGEMENT  
8.1 INTRODUCTION 
Risk is an event or uncertainty that will imply negative impact on the completion of this 
project. The risk management is thus designed to assist the researcher in identifying and 
assessing hazards and developing a plan to manage risks associated in research undertaken. It 
can also assist the unit in developing strategies on how risk is managed. The basis of 
strategies to manage the key hazards for this project was explored from Henderson’s method 
(2010), which indicated four major steps including: 
• Having a brainstorming session to identify all the hazards; 
• Decisions upon how much impact these hazards might have on the project. In order to 
assess the impact, give each hazard a score for impact between 1(low) and 5(high);  
• Decisions how likely the hazards are to happen, give each hazard a score for 
probability between 1(low) and 5(high); and 
• Adopting Mitigation Approach to control the risk. 
A risk likelihood and consequence matrix were shown in Table 13. The C×L matrix combined 
the scores from the qualitative ratings of consequence (levels of impact) and the likelihood 
(levels of probability) that a specific hazard will occur to generate a risk score and risk level. 
Table 13 Likelihood and Consequence matrix 
Likelihood Consequences 
1- Negligible 2- Marginal 3- Critical 4- Serious 5- Catastrophic 
1- Rare 1 2 3 4 5 
2- Unlikely 2 4 6 8 10 
3- Possible 3 6 9 12 15 
4- Likely 4 8 12 16 20 
5- Certain 5 10 15 20 25 
 
Using the Risk Matrix above, if a hazard was concluded to have a Consequence level 3 and 
Likelihood level of 3, these two scores are multiplied to generate a risk score of 9 which for 
this project would equate to a High Risk, refer to Risk Levels in Table 14. 
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Table 14 Risk levels (after EAF, 2011) 
Risk levels Risk Scores Likely Management Response 
Negligible 0 - 2 None 
Low 3 - 4 No specific management 
Medium 6 - 8 Specific management needed 
High 9 - 16 Increased management activities needed 
Extreme 17 - 25 Special management needed 
 
8.2 POTENTIAL HAZARDS AND RISK 
The contents in Table 15 were the potential hazards that would imply a negative effect on the 
completion of this project. Each hazard was assigned a likelihood and consequence score to 
generate an overall risk score. 
Table 15 Potential Hazard Identification 
Hazard Likelihood Consequence Risk score Risk level 
Electronic Data lost 3 5 15 High 
Extremal pressure/work  3 2 6 Medium 
Researcher illness 4 1 4 Low 
Late night work-security issue 1 4 4 Low 
Transport delay on the due 3 3 9 High 
Fire Hazard 1 5 5 Medium 
Schedule does not reflect realistic 
implementation 
3 3 9 High 
Resources not available to meet 
schedule 
1 5 5 Medium 
Insufficient funding 1 2 2 Negligible 
8.3 RISK CONTROL  
The risk control plan was drawn up to mitigate the identified risks in Table 16. The hazards 
identified with associated control methods were properly managed. By managing risks, the 
plan will help to minimize negative impact, schedule delays, or the impact of other issue that 
could impede the project progress. This project does not require radioactive/biological 
laboratory work, heavy equipment, remote site travelling or hostile environment etc. It is 
defined as a low risk project. 
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Table 16 Risk control plan 
Hazard Risk Rating Control Method 
Electronic Data lost High Fully back up files on USB drive, Laptops and Cloud 
services such as Dropbox; Save work regularly and set 
auto backup 
Extremal pressure/work  Medium Balance work and relax time on the project schedule; 
Have work breaks incorporating stretches 
Researcher illness Low Ensure a good self-health condition; Have regular work-
rest schedule 
Late night work-security issue Low Entering or leaving secure premises, following out of 
hours procedures; Working with a mate 
Transport delay on the due High Allow more travel time on days that tasks are due or hand 
tasks in the day before 
Fire Hazard Medium Be familiarise with working place emergency excavation 
Schedule does not reflect realistic 
implementation 
High Update the project schedule regularly;  
Resources not available to meet 
schedule 
Medium Seek advice from supervisor 
Insufficient funding Negligible Manage expense properly 
The risk control process continues until all the risks are closed or the project is completed. 
The effectiveness of control actions will be constantly evaluated, new risks will be 
discovered, and existing risks will be reassessed. New or revised control actions will be 
implemented as needed.   
8.4 CONTINGENCY PLAN 
Contingency plan is designed to achieve a high level of confidence the project outcomes can 
be safely achieved on time and within budget. Associated management policies and 
procedures were implemented to maintain or restore the project progress collaborating with 
the risk control plan, including four major failure scenarios as Resource, Scheduling, Data and 
Quality. 
Table 17 Contingency Plan 
Failure Scenario Contingency planning 
Resource Supply • Sufficient funding supply 
• Check computer and software availability 
• Literature papers backup 
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• Schedule meeting with supervisor and technical staff 
Scheduling Management • Be realistic about completion; 
• Devote time to planning and revising schedule; 
• Allocate appropriate time for any time consuming takes; 
• Have clear and achievable objectives for each period; 
• Leave time for editing and correcting; 
• If fall behind make sure to spend time reworking the plan. 
Data Backup • Record data accurately; 
• Retrieve data quickly and efficiently; 
• Adopt appropriate backup methods; 
• Setup data automatically backup plan or a backup schedule 
• Save work regularly, archive on multiple storage medias 
• Ensure Power connection for electronics 
Quality Control • Fully utilised available resources 
• Stick with project schedule 
• Balance work-rest time frame 
• Secure completed work and data 
• Avoid health issues  
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9 CONCLUSIONS 
The lack of sufficient closure integration within long term planning process had led to 
suboptimal mine plan. Although the closure cost was often considered a fixed quantity, the 
discounted impact of the costs on the project NPV was dependent on time before the time 
closes. As mining policies varied, the mine life changed, and discounted closure cost was 
adjusted thus altering mine design. Appropriate modelling of closure costs might alter the 
schedule policies and improve NPV. The assumptions on when closure costs occur and how 
they could be delayed and discounted were important to understand. 
This research project intended to incorporate closure costs into the optimal operating policies. 
Incorporating mine closure and its associated cost into the life of mine planning enabled to 
carry out a positive outcome in terms of NPV optimisation, added substantial values to the 
project. The current study had reviewed various literatures on optimal mine planning process 
and mine closure impact. A conceptual case study was introduced to illustrate the value of 
incorporating the closure costs using simplified model. The 2D block model case study 
indicated that there was potential possibility that closure cost could lead the mine planners to 
extend life of mine thereby offsetting the closure cost and improving NPV. This resulted in 
production increasing, profit maximization and improving resource recovery and efficiency.  
The greater the closure cost the better it is to extend mine life. However, the long-term mining 
operation would aggravate environment disruption such as dust, toxic ground water, land 
destruction etc. and increased the difficulty on mine site rehabilitation completion. 
The project had been well scheduled and risk controlled such that a high level of confidence 
the project outcomes had been achieved.  
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10 RECOMMENDATION 
In the future research, it is expected that the studies on the feasibility of mine life extension 
could be conducted in order to apply the theoretical findings into some real projects as well as 
meeting the criterion of sustainable development. Therefore, a more systemic approach on ore 
deposit valuation should be developed such as using 3D block model, advanced cost 
estimation tools and environment management systems. The author would also recommend 
that government and professions to generate advanced closure cost estimation models, 
optimising closure costs and bonding systems to improve effectiveness and efficiency of 
closure costs; consult from environmental professions for rehabilitation standard upgrading; 
therefore achieve a successful mine closure practise. 
Some issues behind delaying closure must be considered and evaluated. It was assumed that 
closure cost was constant even if mine plan altered. In real mining operations, closure cost is 
frequently updated beyond financial, technical and environment aspects. Delaying closure 
does not guarantee a certain amount of costs would be discounted in parallel with project 
discount rate. In the same manner, extending mine life raises the production causing negative 
impacts on the environment 
The presence of uncertainty in design parameters and financial assumptions over long term 
operation results stochastic volatility. A more systematically valuation model carrying out 
sensitivity and stochasticity analysis needs to be developed, thus improving the reliability. 
Therefore, the feasibility of life of mine extension will be evaluated in further study. 
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APPENDIX A 
DISCOUNTED CLOSURE COST TABLE 
Closure	cost/Year	 10	 11	 12	 13	 14	 15	 16	 17	 18	 19	 20	
1	 0.39	 0.35	 0.32	 0.29	 0.26	 0.24	 0.22	 0.20	 0.18	 0.16	 0.15	
2	 0.77	 0.70	 0.64	 0.58	 0.53	 0.48	 0.44	 0.40	 0.36	 0.33	 0.30	
3	 1.16	 1.05	 0.96	 0.87	 0.79	 0.72	 0.65	 0.59	 0.54	 0.49	 0.45	
4	 1.54	 1.40	 1.27	 1.16	 1.05	 0.96	 0.87	 0.79	 0.72	 0.65	 0.59	
5	 1.93	 1.75	 1.59	 1.45	 1.32	 1.20	 1.09	 0.99	 0.90	 0.82	 0.74	
6	 2.31	 2.10	 1.91	 1.74	 1.58	 1.44	 1.31	 1.19	 1.08	 0.98	 0.89	
7	 2.70	 2.45	 2.23	 2.03	 1.84	 1.68	 1.52	 1.38	 1.26	 1.14	 1.04	
8	 3.08	 2.80	 2.55	 2.32	 2.11	 1.92	 1.74	 1.58	 1.44	 1.31	 1.19	
9	 3.47	 3.15	 2.87	 2.61	 2.37	 2.15	 1.96	 1.78	 1.62	 1.47	 1.34	
10	 3.86	 3.50	 3.19	 2.90	 2.63	 2.39	 2.18	 1.98	 1.80	 1.64	 1.49	
11	 4.24	 3.86	 3.50	 3.19	 2.90	 2.63	 2.39	 2.18	 1.98	 1.80	 1.64	
12	 4.63	 4.21	 3.82	 3.48	 3.16	 2.87	 2.61	 2.37	 2.16	 1.96	 1.78	
13	 5.01	 4.56	 4.14	 3.77	 3.42	 3.11	 2.83	 2.57	 2.34	 2.13	 1.93	
14	 5.40	 4.91	 4.46	 4.06	 3.69	 3.35	 3.05	 2.77	 2.52	 2.29	 2.08	
15	 5.78	 5.26	 4.78	 4.34	 3.95	 3.59	 3.26	 2.97	 2.70	 2.45	 2.23	
16	 6.17	 5.61	 5.10	 4.63	 4.21	 3.83	 3.48	 3.17	 2.88	 2.62	 2.38	
17	 6.55	 5.96	 5.42	 4.92	 4.48	 4.07	 3.70	 3.36	 3.06	 2.78	 2.53	
18	 6.94	 6.31	 5.74	 5.21	 4.74	 4.31	 3.92	 3.56	 3.24	 2.94	 2.68	
19	 7.33	 6.66	 6.05	 5.50	 5.00	 4.55	 4.13	 3.76	 3.42	 3.11	 2.82	
20	 7.71	 7.01	 6.37	 5.79	 5.27	 4.79	 4.35	 3.96	 3.60	 3.27	 2.97	
21	 8.10	 7.36	 6.69	 6.08	 5.53	 5.03	 4.57	 4.15	 3.78	 3.43	 3.12	
22	 8.48	 7.71	 7.01	 6.37	 5.79	 5.27	 4.79	 4.35	 3.96	 3.60	 3.27	
23	 8.87	 8.06	 7.33	 6.66	 6.06	 5.51	 5.01	 4.55	 4.14	 3.76	 3.42	
24	 9.25	 8.41	 7.65	 6.95	 6.32	 5.75	 5.22	 4.75	 4.32	 3.92	 3.57	
25	 9.64	 8.76	 7.97	 7.24	 6.58	 5.98	 5.44	 4.95	 4.50	 4.09	 3.72	
26	 10.02	 9.11	 8.28	 7.53	 6.85	 6.22	 5.66	 5.14	 4.68	 4.25	 3.86	
27	 10.41	 9.46	 8.60	 7.82	 7.11	 6.46	 5.88	 5.34	 4.86	 4.41	 4.01	
28	 10.80	 9.81	 8.92	 8.11	 7.37	 6.70	 6.09	 5.54	 5.04	 4.58	 4.16	
29	 11.18	 10.16	 9.24	 8.40	 7.64	 6.94	 6.31	 5.74	 5.22	 4.74	 4.31	
30	 11.57	 10.51	 9.56	 8.69	 7.90	 7.18	 6.53	 5.94	 5.40	 4.91	 4.46	
31	 11.95	 10.87	 9.88	 8.98	 8.16	 7.42	 6.75	 6.13	 5.58	 5.07	 4.61	
32	 12.34	 11.22	 10.20	 9.27	 8.43	 7.66	 6.96	 6.33	 5.76	 5.23	 4.76	
33	 12.72	 11.57	 10.51	 9.56	 8.69	 7.90	 7.18	 6.53	 5.94	 5.40	 4.91	
34	 13.11	 11.92	 10.83	 9.85	 8.95	 8.14	 7.40	 6.73	 6.12	 5.56	 5.05	
35	 13.49	 12.27	 11.15	 10.14	 9.22	 8.38	 7.62	 6.92	 6.30	 5.72	 5.20	
36	 13.88	 12.62	 11.47	 10.43	 9.48	 8.62	 7.83	 7.12	 6.47	 5.89	 5.35	
37	 14.27	 12.97	 11.79	 10.72	 9.74	 8.86	 8.05	 7.32	 6.65	 6.05	 5.50	
38	 14.65	 13.32	 12.11	 11.01	 10.01	 9.10	 8.27	 7.52	 6.83	 6.21	 5.65	
39	 15.04	 13.67	 12.43	 11.30	 10.27	 9.34	 8.49	 7.72	 7.01	 6.38	 5.80	
40	 15.42	 14.02	 12.75	 11.59	 10.53	 9.58	 8.71	 7.91	 7.19	 6.54	 5.95	
41	 15.81	 14.37	 13.06	 11.88	 10.80	 9.82	 8.92	 8.11	 7.37	 6.70	 6.09	
42	 16.19	 14.72	 13.38	 12.17	 11.06	 10.05	 9.14	 8.31	 7.55	 6.87	 6.24	
43	 16.58	 15.07	 13.70	 12.46	 11.32	 10.29	 9.36	 8.51	 7.73	 7.03	 6.39	
51 
44	 16.96	 15.42	 14.02	 12.75	 11.59	 10.53	 9.58	 8.71	 7.91	 7.19	 6.54	
45	 17.35	 15.77	 14.34	 13.03	 11.85	 10.77	 9.79	 8.90	 8.09	 7.36	 6.69	
46	 17.73	 16.12	 14.66	 13.32	 12.11	 11.01	 10.01	 9.10	 8.27	 7.52	 6.84	
47	 18.12	 16.47	 14.98	 13.61	 12.38	 11.25	 10.23	 9.30	 8.45	 7.68	 6.99	
48	 18.51	 16.82	 15.29	 13.90	 12.64	 11.49	 10.45	 9.50	 8.63	 7.85	 7.13	
49	 18.89	 17.17	 15.61	 14.19	 12.90	 11.73	 10.66	 9.69	 8.81	 8.01	 7.28	
50	 19.28	 17.52	 15.93	 14.48	 13.17	 11.97	 10.88	 9.89	 8.99	 8.18	 7.43	
51	 19.66	 17.88	 16.25	 14.77	 13.43	 12.21	 11.10	 10.09	 9.17	 8.34	 7.58	
52	 20.05	 18.23	 16.57	 15.06	 13.69	 12.45	 11.32	 10.29	 9.35	 8.50	 7.73	
53	 20.43	 18.58	 16.89	 15.35	 13.96	 12.69	 11.53	 10.49	 9.53	 8.67	 7.88	
54	 20.82	 18.93	 17.21	 15.64	 14.22	 12.93	 11.75	 10.68	 9.71	 8.83	 8.03	
55	 21.20	 19.28	 17.52	 15.93	 14.48	 13.17	 11.97	 10.88	 9.89	 8.99	 8.18	
56	 21.59	 19.63	 17.84	 16.22	 14.75	 13.41	 12.19	 11.08	 10.07	 9.16	 8.32	
57	 21.98	 19.98	 18.16	 16.51	 15.01	 13.65	 12.40	 11.28	 10.25	 9.32	 8.47	
58	 22.36	 20.33	 18.48	 16.80	 15.27	 13.88	 12.62	 11.47	 10.43	 9.48	 8.62	
59	 22.75	 20.68	 18.80	 17.09	 15.54	 14.12	 12.84	 11.67	 10.61	 9.65	 8.77	
60	 23.13	 21.03	 19.12	 17.38	 15.80	 14.36	 13.06	 11.87	 10.79	 9.81	 8.92	
61	 23.52	 21.38	 19.44	 17.67	 16.06	 14.60	 13.28	 12.07	 10.97	 9.97	 9.07	
62	 23.90	 21.73	 19.76	 17.96	 16.33	 14.84	 13.49	 12.27	 11.15	 10.14	 9.22	
63	 24.29	 22.08	 20.07	 18.25	 16.59	 15.08	 13.71	 12.46	 11.33	 10.30	 9.36	
64	 24.67	 22.43	 20.39	 18.54	 16.85	 15.32	 13.93	 12.66	 11.51	 10.46	 9.51	
65	 25.06	 22.78	 20.71	 18.83	 17.12	 15.56	 14.15	 12.86	 11.69	 10.63	 9.66	
66	 25.45	 23.13	 21.03	 19.12	 17.38	 15.80	 14.36	 13.06	 11.87	 10.79	 9.81	
67	 25.83	 23.48	 21.35	 19.41	 17.64	 16.04	 14.58	 13.26	 12.05	 10.96	 9.96	
68	 26.22	 23.83	 21.67	 19.70	 17.91	 16.28	 14.80	 13.45	 12.23	 11.12	 10.11	
69	 26.60	 24.18	 21.99	 19.99	 18.17	 16.52	 15.02	 13.65	 12.41	 11.28	 10.26	
70	 26.99	 24.53	 22.30	 20.28	 18.43	 16.76	 15.23	 13.85	 12.59	 11.45	 10.41	
71	 27.37	 24.89	 22.62	 20.57	 18.70	 17.00	 15.45	 14.05	 12.77	 11.61	 10.55	
72	 27.76	 25.24	 22.94	 20.86	 18.96	 17.24	 15.67	 14.24	 12.95	 11.77	 10.70	
73	 28.14	 25.59	 23.26	 21.15	 19.22	 17.48	 15.89	 14.44	 13.13	 11.94	 10.85	
74	 28.53	 25.94	 23.58	 21.44	 19.49	 17.72	 16.10	 14.64	 13.31	 12.10	 11.00	
75	 28.92	 26.29	 23.90	 21.72	 19.75	 17.95	 16.32	 14.84	 13.49	 12.26	 11.15	
76	 29.30	 26.64	 24.22	 22.01	 20.01	 18.19	 16.54	 15.04	 13.67	 12.43	 11.30	
77	 29.69	 26.99	 24.53	 22.30	 20.28	 18.43	 16.76	 15.23	 13.85	 12.59	 11.45	
78	 30.07	 27.34	 24.85	 22.59	 20.54	 18.67	 16.98	 15.43	 14.03	 12.75	 11.59	
79	 30.46	 27.69	 25.17	 22.88	 20.80	 18.91	 17.19	 15.63	 14.21	 12.92	 11.74	
80	 30.84	 28.04	 25.49	 23.17	 21.07	 19.15	 17.41	 15.83	 14.39	 13.08	 11.89	
81	 31.23	 28.39	 25.81	 23.46	 21.33	 19.39	 17.63	 16.03	 14.57	 13.24	 12.04	
82	 31.61	 28.74	 26.13	 23.75	 21.59	 19.63	 17.85	 16.22	 14.75	 13.41	 12.19	
83	 32.00	 29.09	 26.45	 24.04	 21.86	 19.87	 18.06	 16.42	 14.93	 13.57	 12.34	
84	 32.39	 29.44	 26.76	 24.33	 22.12	 20.11	 18.28	 16.62	 15.11	 13.73	 12.49	
85	 32.77	 29.79	 27.08	 24.62	 22.38	 20.35	 18.50	 16.82	 15.29	 13.90	 12.63	
86	 33.16	 30.14	 27.40	 24.91	 22.65	 20.59	 18.72	 17.01	 15.47	 14.06	 12.78	
87	 33.54	 30.49	 27.72	 25.20	 22.91	 20.83	 18.93	 17.21	 15.65	 14.23	 12.93	
88	 33.93	 30.84	 28.04	 25.49	 23.17	 21.07	 19.15	 17.41	 15.83	 14.39	 13.08	
89	 34.31	 31.19	 28.36	 25.78	 23.44	 21.31	 19.37	 17.61	 16.01	 14.55	 13.23	
90	 34.70	 31.54	 28.68	 26.07	 23.70	 21.55	 19.59	 17.81	 16.19	 14.72	 13.38	
52 
91	 35.08	 31.89	 29.00	 26.36	 23.96	 21.78	 19.80	 18.00	 16.37	 14.88	 13.53	
92	 35.47	 32.25	 29.31	 26.65	 24.23	 22.02	 20.02	 18.20	 16.55	 15.04	 13.68	
93	 35.86	 32.60	 29.63	 26.94	 24.49	 22.26	 20.24	 18.40	 16.73	 15.21	 13.82	
94	 36.24	 32.95	 29.95	 27.23	 24.75	 22.50	 20.46	 18.60	 16.91	 15.37	 13.97	
95	 36.63	 33.30	 30.27	 27.52	 25.02	 22.74	 20.67	 18.80	 17.09	 15.53	 14.12	
96	 37.01	 33.65	 30.59	 27.81	 25.28	 22.98	 20.89	 18.99	 17.27	 15.70	 14.27	
97	 37.40	 34.00	 30.91	 28.10	 25.54	 23.22	 21.11	 19.19	 17.45	 15.86	 14.42	
98	 37.78	 34.35	 31.23	 28.39	 25.81	 23.46	 21.33	 19.39	 17.63	 16.02	 14.57	
99	 38.17	 34.70	 31.54	 28.68	 26.07	 23.70	 21.55	 19.59	 17.81	 16.19	 14.72	
100	 38.55	 35.05	 31.86	 28.97	 26.33	 23.94	 21.76	 19.78	 17.99	 16.35	 14.86	
101	 38.94	 35.40	 32.18	 29.26	 26.60	 24.18	 21.98	 19.98	 18.17	 16.51	 15.01	
102	 39.33	 35.75	 32.50	 29.55	 26.86	 24.42	 22.20	 20.18	 18.35	 16.68	 15.16	
103	 39.71	 36.10	 32.82	 29.84	 27.12	 24.66	 22.42	 20.38	 18.53	 16.84	 15.31	
104	 40.10	 36.45	 33.14	 30.13	 27.39	 24.90	 22.63	 20.58	 18.71	 17.00	 15.46	
105	 40.48	 36.80	 33.46	 30.41	 27.65	 25.14	 22.85	 20.77	 18.89	 17.17	 15.61	
106	 40.87	 37.15	 33.77	 30.70	 27.91	 25.38	 23.07	 20.97	 19.07	 17.33	 15.76	
107	 41.25	 37.50	 34.09	 30.99	 28.18	 25.61	 23.29	 21.17	 19.24	 17.50	 15.90	
108	 41.64	 37.85	 34.41	 31.28	 28.44	 25.85	 23.50	 21.37	 19.42	 17.66	 16.05	
109	 42.02	 38.20	 34.73	 31.57	 28.70	 26.09	 23.72	 21.57	 19.60	 17.82	 16.20	
110	 42.41	 38.55	 35.05	 31.86	 28.97	 26.33	 23.94	 21.76	 19.78	 17.99	 16.35	
111	 42.80	 38.90	 35.37	 32.15	 29.23	 26.57	 24.16	 21.96	 19.96	 18.15	 16.50	
112	 43.18	 39.26	 35.69	 32.44	 29.49	 26.81	 24.37	 22.16	 20.14	 18.31	 16.65	
113	 43.57	 39.61	 36.01	 32.73	 29.76	 27.05	 24.59	 22.36	 20.32	 18.48	 16.80	
114	 43.95	 39.96	 36.32	 33.02	 30.02	 27.29	 24.81	 22.55	 20.50	 18.64	 16.95	
115	 44.34	 40.31	 36.64	 33.31	 30.28	 27.53	 25.03	 22.75	 20.68	 18.80	 17.09	
116	 44.72	 40.66	 36.96	 33.60	 30.55	 27.77	 25.24	 22.95	 20.86	 18.97	 17.24	
117	 45.11	 41.01	 37.28	 33.89	 30.81	 28.01	 25.46	 23.15	 21.04	 19.13	 17.39	
118	 45.49	 41.36	 37.60	 34.18	 31.07	 28.25	 25.68	 23.35	 21.22	 19.29	 17.54	
119	 45.88	 41.71	 37.92	 34.47	 31.34	 28.49	 25.90	 23.54	 21.40	 19.46	 17.69	
120	 46.27	 42.06	 38.24	 34.76	 31.60	 28.73	 26.12	 23.74	 21.58	 19.62	 17.84	
121	 46.65	 42.41	 38.55	 35.05	 31.86	 28.97	 26.33	 23.94	 21.76	 19.78	 17.99	
122	 47.04	 42.76	 38.87	 35.34	 32.13	 29.21	 26.55	 24.14	 21.94	 19.95	 18.13	
123	 47.42	 43.11	 39.19	 35.63	 32.39	 29.45	 26.77	 24.33	 22.12	 20.11	 18.28	
124	 47.81	 43.46	 39.51	 35.92	 32.65	 29.68	 26.99	 24.53	 22.30	 20.27	 18.43	
125	 48.19	 43.81	 39.83	 36.21	 32.92	 29.92	 27.20	 24.73	 22.48	 20.44	 18.58	
126	 48.58	 44.16	 40.15	 36.50	 33.18	 30.16	 27.42	 24.93	 22.66	 20.60	 18.73	
127	 48.96	 44.51	 40.47	 36.79	 33.44	 30.40	 27.64	 25.13	 22.84	 20.77	 18.88	
128	 49.35	 44.86	 40.78	 37.08	 33.71	 30.64	 27.86	 25.32	 23.02	 20.93	 19.03	
129	 49.74	 45.21	 41.10	 37.37	 33.97	 30.88	 28.07	 25.52	 23.20	 21.09	 19.18	
130	 50.12	 45.56	 41.42	 37.66	 34.23	 31.12	 28.29	 25.72	 23.38	 21.26	 19.32	
131	 50.51	 45.91	 41.74	 37.95	 34.50	 31.36	 28.51	 25.92	 23.56	 21.42	 19.47	
132	 50.89	 46.27	 42.06	 38.24	 34.76	 31.60	 28.73	 26.12	 23.74	 21.58	 19.62	
133	 51.28	 46.62	 42.38	 38.53	 35.02	 31.84	 28.94	 26.31	 23.92	 21.75	 19.77	
134	 51.66	 46.97	 42.70	 38.82	 35.29	 32.08	 29.16	 26.51	 24.10	 21.91	 19.92	
135	 52.05	 47.32	 43.02	 39.10	 35.55	 32.32	 29.38	 26.71	 24.28	 22.07	 20.07	
136	 52.43	 47.67	 43.33	 39.39	 35.81	 32.56	 29.60	 26.91	 24.46	 22.24	 20.22	
137	 52.82	 48.02	 43.65	 39.68	 36.08	 32.80	 29.82	 27.10	 24.64	 22.40	 20.36	
53 
138	 53.20	 48.37	 43.97	 39.97	 36.34	 33.04	 30.03	 27.30	 24.82	 22.56	 20.51	
139	 53.59	 48.72	 44.29	 40.26	 36.60	 33.28	 30.25	 27.50	 25.00	 22.73	 20.66	
140	 53.98	 49.07	 44.61	 40.55	 36.87	 33.51	 30.47	 27.70	 25.18	 22.89	 20.81	
141	 54.36	 49.42	 44.93	 40.84	 37.13	 33.75	 30.69	 27.90	 25.36	 23.05	 20.96	
142	 54.75	 49.77	 45.25	 41.13	 37.39	 33.99	 30.90	 28.09	 25.54	 23.22	 21.11	
143	 55.13	 50.12	 45.56	 41.42	 37.66	 34.23	 31.12	 28.29	 25.72	 23.38	 21.26	
144	 55.52	 50.47	 45.88	 41.71	 37.92	 34.47	 31.34	 28.49	 25.90	 23.55	 21.40	
145	 55.90	 50.82	 46.20	 42.00	 38.18	 34.71	 31.56	 28.69	 26.08	 23.71	 21.55	
146	 56.29	 51.17	 46.52	 42.29	 38.45	 34.95	 31.77	 28.89	 26.26	 23.87	 21.70	
147	 56.67	 51.52	 46.84	 42.58	 38.71	 35.19	 31.99	 29.08	 26.44	 24.04	 21.85	
148	 57.06	 51.87	 47.16	 42.87	 38.97	 35.43	 32.21	 29.28	 26.62	 24.20	 22.00	
149	 57.45	 52.22	 47.48	 43.16	 39.24	 35.67	 32.43	 29.48	 26.80	 24.36	 22.15	
150	 57.83	 52.57	 47.79	 43.45	 39.50	 35.91	 32.64	 29.68	 26.98	 24.53	 22.30	
151	 58.22	 52.92	 48.11	 43.74	 39.76	 36.15	 32.86	 29.87	 27.16	 24.69	 22.45	
152	 58.60	 53.28	 48.43	 44.03	 40.03	 36.39	 33.08	 30.07	 27.34	 24.85	 22.59	
153	 58.99	 53.63	 48.75	 44.32	 40.29	 36.63	 33.30	 30.27	 27.52	 25.02	 22.74	
154	 59.37	 53.98	 49.07	 44.61	 40.55	 36.87	 33.51	 30.47	 27.70	 25.18	 22.89	
155	 59.76	 54.33	 49.39	 44.90	 40.82	 37.11	 33.73	 30.67	 27.88	 25.34	 23.04	
156	 60.14	 54.68	 49.71	 45.19	 41.08	 37.35	 33.95	 30.86	 28.06	 25.51	 23.19	
157	 60.53	 55.03	 50.03	 45.48	 41.34	 37.58	 34.17	 31.06	 28.24	 25.67	 23.34	
158	 60.92	 55.38	 50.34	 45.77	 41.61	 37.82	 34.39	 31.26	 28.42	 25.83	 23.49	
159	 61.30	 55.73	 50.66	 46.06	 41.87	 38.06	 34.60	 31.46	 28.60	 26.00	 23.63	
160	 61.69	 56.08	 50.98	 46.35	 42.13	 38.30	 34.82	 31.66	 28.78	 26.16	 23.78	
161	 62.07	 56.43	 51.30	 46.64	 42.40	 38.54	 35.04	 31.85	 28.96	 26.32	 23.93	
162	 62.46	 56.78	 51.62	 46.93	 42.66	 38.78	 35.26	 32.05	 29.14	 26.49	 24.08	
163	 62.84	 57.13	 51.94	 47.22	 42.92	 39.02	 35.47	 32.25	 29.32	 26.65	 24.23	
164	 63.23	 57.48	 52.26	 47.50	 43.19	 39.26	 35.69	 32.45	 29.50	 26.82	 24.38	
165	 63.61	 57.83	 52.57	 47.79	 43.45	 39.50	 35.91	 32.64	 29.68	 26.98	 24.53	
166	 64.00	 58.18	 52.89	 48.08	 43.71	 39.74	 36.13	 32.84	 29.86	 27.14	 24.67	
167	 64.39	 58.53	 53.21	 48.37	 43.98	 39.98	 36.34	 33.04	 30.04	 27.31	 24.82	
168	 64.77	 58.88	 53.53	 48.66	 44.24	 40.22	 36.56	 33.24	 30.22	 27.47	 24.97	
169	 65.16	 59.23	 53.85	 48.95	 44.50	 40.46	 36.78	 33.44	 30.40	 27.63	 25.12	
170	 65.54	 59.58	 54.17	 49.24	 44.77	 40.70	 37.00	 33.63	 30.58	 27.80	 25.27	
171	 65.93	 59.93	 54.49	 49.53	 45.03	 40.94	 37.21	 33.83	 30.76	 27.96	 25.42	
172	 66.31	 60.28	 54.80	 49.82	 45.29	 41.18	 37.43	 34.03	 30.94	 28.12	 25.57	
173	 66.70	 60.64	 55.12	 50.11	 45.56	 41.41	 37.65	 34.23	 31.12	 28.29	 25.72	
174	 67.08	 60.99	 55.44	 50.40	 45.82	 41.65	 37.87	 34.42	 31.30	 28.45	 25.86	
175	 67.47	 61.34	 55.76	 50.69	 46.08	 41.89	 38.09	 34.62	 31.48	 28.61	 26.01	
176	 67.86	 61.69	 56.08	 50.98	 46.35	 42.13	 38.30	 34.82	 31.66	 28.78	 26.16	
177	 68.24	 62.04	 56.40	 51.27	 46.61	 42.37	 38.52	 35.02	 31.84	 28.94	 26.31	
178	 68.63	 62.39	 56.72	 51.56	 46.87	 42.61	 38.74	 35.22	 32.01	 29.10	 26.46	
179	 69.01	 62.74	 57.03	 51.85	 47.14	 42.85	 38.96	 35.41	 32.19	 29.27	 26.61	
180	 69.40	 63.09	 57.35	 52.14	 47.40	 43.09	 39.17	 35.61	 32.37	 29.43	 26.76	
181	 69.78	 63.44	 57.67	 52.43	 47.66	 43.33	 39.39	 35.81	 32.55	 29.59	 26.90	
182	 70.17	 63.79	 57.99	 52.72	 47.93	 43.57	 39.61	 36.01	 32.73	 29.76	 27.05	
183	 70.55	 64.14	 58.31	 53.01	 48.19	 43.81	 39.83	 36.21	 32.91	 29.92	 27.20	
184	 70.94	 64.49	 58.63	 53.30	 48.45	 44.05	 40.04	 36.40	 33.09	 30.09	 27.35	
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185	 71.33	 64.84	 58.95	 53.59	 48.72	 44.29	 40.26	 36.60	 33.27	 30.25	 27.50	
186	 71.71	 65.19	 59.27	 53.88	 48.98	 44.53	 40.48	 36.80	 33.45	 30.41	 27.65	
187	 72.10	 65.54	 59.58	 54.17	 49.24	 44.77	 40.70	 37.00	 33.63	 30.58	 27.80	
188	 72.48	 65.89	 59.90	 54.46	 49.51	 45.01	 40.91	 37.19	 33.81	 30.74	 27.95	
189	 72.87	 66.24	 60.22	 54.75	 49.77	 45.25	 41.13	 37.39	 33.99	 30.90	 28.09	
190	 73.25	 66.59	 60.54	 55.04	 50.03	 45.48	 41.35	 37.59	 34.17	 31.07	 28.24	
191	 73.64	 66.94	 60.86	 55.33	 50.30	 45.72	 41.57	 37.79	 34.35	 31.23	 28.39	
192	 74.02	 67.29	 61.18	 55.62	 50.56	 45.96	 41.78	 37.99	 34.53	 31.39	 28.54	
193	 74.41	 67.65	 61.50	 55.91	 50.82	 46.20	 42.00	 38.18	 34.71	 31.56	 28.69	
194	 74.80	 68.00	 61.81	 56.19	 51.09	 46.44	 42.22	 38.38	 34.89	 31.72	 28.84	
195	 75.18	 68.35	 62.13	 56.48	 51.35	 46.68	 42.44	 38.58	 35.07	 31.88	 28.99	
196	 75.57	 68.70	 62.45	 56.77	 51.61	 46.92	 42.66	 38.78	 35.25	 32.05	 29.13	
197	 75.95	 69.05	 62.77	 57.06	 51.88	 47.16	 42.87	 38.98	 35.43	 32.21	 29.28	
198	 76.34	 69.40	 63.09	 57.35	 52.14	 47.40	 43.09	 39.17	 35.61	 32.37	 29.43	
199	 76.72	 69.75	 63.41	 57.64	 52.40	 47.64	 43.31	 39.37	 35.79	 32.54	 29.58	
200	 77.11	 70.10	 63.73	 57.93	 52.67	 47.88	 43.53	 39.57	 35.97	 32.70	 29.73	
201	 77.49	 70.45	 64.04	 58.22	 52.93	 48.12	 43.74	 39.77	 36.15	 32.87	 29.88	
202	 77.88	 70.80	 64.36	 58.51	 53.19	 48.36	 43.96	 39.96	 36.33	 33.03	 30.03	
203	 78.27	 71.15	 64.68	 58.80	 53.46	 48.60	 44.18	 40.16	 36.51	 33.19	 30.17	
204	 78.65	 71.50	 65.00	 59.09	 53.72	 48.84	 44.40	 40.36	 36.69	 33.36	 30.32	
205	 79.04	 71.85	 65.32	 59.38	 53.98	 49.08	 44.61	 40.56	 36.87	 33.52	 30.47	
206	 79.42	 72.20	 65.64	 59.67	 54.25	 49.31	 44.83	 40.76	 37.05	 33.68	 30.62	
207	 79.81	 72.55	 65.96	 59.96	 54.51	 49.55	 45.05	 40.95	 37.23	 33.85	 30.77	
208	 80.19	 72.90	 66.28	 60.25	 54.77	 49.79	 45.27	 41.15	 37.41	 34.01	 30.92	
209	 80.58	 73.25	 66.59	 60.54	 55.04	 50.03	 45.48	 41.35	 37.59	 34.17	 31.07	
210	 80.96	 73.60	 66.91	 60.83	 55.30	 50.27	 45.70	 41.55	 37.77	 34.34	 31.22	
211	 81.35	 73.95	 67.23	 61.12	 55.56	 50.51	 45.92	 41.75	 37.95	 34.50	 31.36	
212	 81.74	 74.30	 67.55	 61.41	 55.83	 50.75	 46.14	 41.94	 38.13	 34.66	 31.51	
213	 82.12	 74.66	 67.87	 61.70	 56.09	 50.99	 46.36	 42.14	 38.31	 34.83	 31.66	
214	 82.51	 75.01	 68.19	 61.99	 56.35	 51.23	 46.57	 42.34	 38.49	 34.99	 31.81	
215	 82.89	 75.36	 68.51	 62.28	 56.62	 51.47	 46.79	 42.54	 38.67	 35.15	 31.96	
216	 83.28	 75.71	 68.82	 62.57	 56.88	 51.71	 47.01	 42.73	 38.85	 35.32	 32.11	
217	 83.66	 76.06	 69.14	 62.86	 57.14	 51.95	 47.23	 42.93	 39.03	 35.48	 32.26	
218	 84.05	 76.41	 69.46	 63.15	 57.41	 52.19	 47.44	 43.13	 39.21	 35.64	 32.40	
219	 84.43	 76.76	 69.78	 63.44	 57.67	 52.43	 47.66	 43.33	 39.39	 35.81	 32.55	
220	 84.82	 77.11	 70.10	 63.73	 57.93	 52.67	 47.88	 43.53	 39.57	 35.97	 32.70	
221	 85.21	 77.46	 70.42	 64.02	 58.20	 52.91	 48.10	 43.72	 39.75	 36.14	 32.85	
222	 85.59	 77.81	 70.74	 64.31	 58.46	 53.15	 48.31	 43.92	 39.93	 36.30	 33.00	
223	 85.98	 78.16	 71.05	 64.60	 58.72	 53.38	 48.53	 44.12	 40.11	 36.46	 33.15	
224	 86.36	 78.51	 71.37	 64.88	 58.99	 53.62	 48.75	 44.32	 40.29	 36.63	 33.30	
225	 86.75	 78.86	 71.69	 65.17	 59.25	 53.86	 48.97	 44.52	 40.47	 36.79	 33.44	
226	 87.13	 79.21	 72.01	 65.46	 59.51	 54.10	 49.18	 44.71	 40.65	 36.95	 33.59	
227	 87.52	 79.56	 72.33	 65.75	 59.78	 54.34	 49.40	 44.91	 40.83	 37.12	 33.74	
228	 87.90	 79.91	 72.65	 66.04	 60.04	 54.58	 49.62	 45.11	 41.01	 37.28	 33.89	
229	 88.29	 80.26	 72.97	 66.33	 60.30	 54.82	 49.84	 45.31	 41.19	 37.44	 34.04	
230	 88.67	 80.61	 73.29	 66.62	 60.57	 55.06	 50.05	 45.50	 41.37	 37.61	 34.19	
231	 89.06	 80.96	 73.60	 66.91	 60.83	 55.30	 50.27	 45.70	 41.55	 37.77	 34.34	
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232	 89.45	 81.31	 73.92	 67.20	 61.09	 55.54	 50.49	 45.90	 41.73	 37.93	 34.49	
233	 89.83	 81.67	 74.24	 67.49	 61.36	 55.78	 50.71	 46.10	 41.91	 38.10	 34.63	
234	 90.22	 82.02	 74.56	 67.78	 61.62	 56.02	 50.93	 46.30	 42.09	 38.26	 34.78	
235	 90.60	 82.37	 74.88	 68.07	 61.88	 56.26	 51.14	 46.49	 42.27	 38.42	 34.93	
236	 90.99	 82.72	 75.20	 68.36	 62.15	 56.50	 51.36	 46.69	 42.45	 38.59	 35.08	
237	 91.37	 83.07	 75.52	 68.65	 62.41	 56.74	 51.58	 46.89	 42.63	 38.75	 35.23	
238	 91.76	 83.42	 75.83	 68.94	 62.67	 56.98	 51.80	 47.09	 42.81	 38.91	 35.38	
239	 92.14	 83.77	 76.15	 69.23	 62.94	 57.21	 52.01	 47.28	 42.99	 39.08	 35.53	
240	 92.53	 84.12	 76.47	 69.52	 63.20	 57.45	 52.23	 47.48	 43.17	 39.24	 35.67	
241	 92.92	 84.47	 76.79	 69.81	 63.46	 57.69	 52.45	 47.68	 43.35	 39.41	 35.82	
242	 93.30	 84.82	 77.11	 70.10	 63.73	 57.93	 52.67	 47.88	 43.53	 39.57	 35.97	
243	 93.69	 85.17	 77.43	 70.39	 63.99	 58.17	 52.88	 48.08	 43.71	 39.73	 36.12	
244	 94.07	 85.52	 77.75	 70.68	 64.25	 58.41	 53.10	 48.27	 43.89	 39.90	 36.27	
245	 94.46	 85.87	 78.06	 70.97	 64.52	 58.65	 53.32	 48.47	 44.07	 40.06	 36.42	
246	 94.84	 86.22	 78.38	 71.26	 64.78	 58.89	 53.54	 48.67	 44.25	 40.22	 36.57	
247	 95.23	 86.57	 78.70	 71.55	 65.04	 59.13	 53.75	 48.87	 44.43	 40.39	 36.71	
248	 95.61	 86.92	 79.02	 71.84	 65.31	 59.37	 53.97	 49.07	 44.60	 40.55	 36.86	
249	 96.00	 87.27	 79.34	 72.13	 65.57	 59.61	 54.19	 49.26	 44.78	 40.71	 37.01	
250	 96.39	 87.62	 79.66	 72.42	 65.83	 59.85	 54.41	 49.46	 44.96	 40.88	 37.16	
251	 96.77	 87.97	 79.98	 72.71	 66.10	 60.09	 54.62	 49.66	 45.14	 41.04	 37.31	
252	 97.16	 88.32	 80.29	 73.00	 66.36	 60.33	 54.84	 49.86	 45.32	 41.20	 37.46	
253	 97.54	 88.67	 80.61	 73.29	 66.62	 60.57	 55.06	 50.05	 45.50	 41.37	 37.61	
254	 97.93	 89.03	 80.93	 73.57	 66.89	 60.81	 55.28	 50.25	 45.68	 41.53	 37.76	
255	 98.31	 89.38	 81.25	 73.86	 67.15	 61.04	 55.50	 50.45	 45.86	 41.69	 37.90	
256	 98.70	 89.73	 81.57	 74.15	 67.41	 61.28	 55.71	 50.65	 46.04	 41.86	 38.05	
257	 99.08	 90.08	 81.89	 74.44	 67.68	 61.52	 55.93	 50.85	 46.22	 42.02	 38.20	
258	 99.47	 90.43	 82.21	 74.73	 67.94	 61.76	 56.15	 51.04	 46.40	 42.19	 38.35	
259	 99.86	 90.78	 82.53	 75.02	 68.20	 62.00	 56.37	 51.24	 46.58	 42.35	 38.50	
260	 100.24	 91.13	 82.84	 75.31	 68.47	 62.24	 56.58	 51.44	 46.76	 42.51	 38.65	
261	 100.63	 91.48	 83.16	 75.60	 68.73	 62.48	 56.80	 51.64	 46.94	 42.68	 38.80	
262	 101.01	 91.83	 83.48	 75.89	 68.99	 62.72	 57.02	 51.84	 47.12	 42.84	 38.94	
263	 101.40	 92.18	 83.80	 76.18	 69.26	 62.96	 57.24	 52.03	 47.30	 43.00	 39.09	
264	 101.78	 92.53	 84.12	 76.47	 69.52	 63.20	 57.45	 52.23	 47.48	 43.17	 39.24	
265	 102.17	 92.88	 84.44	 76.76	 69.78	 63.44	 57.67	 52.43	 47.66	 43.33	 39.39	
266	 102.55	 93.23	 84.76	 77.05	 70.05	 63.68	 57.89	 52.63	 47.84	 43.49	 39.54	
267	 102.94	 93.58	 85.07	 77.34	 70.31	 63.92	 58.11	 52.82	 48.02	 43.66	 39.69	
268	 103.33	 93.93	 85.39	 77.63	 70.57	 64.16	 58.32	 53.02	 48.20	 43.82	 39.84	
269	 103.71	 94.28	 85.71	 77.92	 70.84	 64.40	 58.54	 53.22	 48.38	 43.98	 39.99	
270	 104.10	 94.63	 86.03	 78.21	 71.10	 64.64	 58.76	 53.42	 48.56	 44.15	 40.13	
271	 104.48	 94.98	 86.35	 78.50	 71.36	 64.88	 58.98	 53.62	 48.74	 44.31	 40.28	
272	 104.87	 95.33	 86.67	 78.79	 71.63	 65.11	 59.20	 53.81	 48.92	 44.47	 40.43	
273	 105.25	 95.68	 86.99	 79.08	 71.89	 65.35	 59.41	 54.01	 49.10	 44.64	 40.58	
274	 105.64	 96.04	 87.30	 79.37	 72.15	 65.59	 59.63	 54.21	 49.28	 44.80	 40.73	
275	 106.02	 96.39	 87.62	 79.66	 72.42	 65.83	 59.85	 54.41	 49.46	 44.96	 40.88	
276	 106.41	 96.74	 87.94	 79.95	 72.68	 66.07	 60.07	 54.61	 49.64	 45.13	 41.03	
277	 106.80	 97.09	 88.26	 80.24	 72.94	 66.31	 60.28	 54.80	 49.82	 45.29	 41.17	
278	 107.18	 97.44	 88.58	 80.53	 73.21	 66.55	 60.50	 55.00	 50.00	 45.46	 41.32	
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279	 107.57	 97.79	 88.90	 80.82	 73.47	 66.79	 60.72	 55.20	 50.18	 45.62	 41.47	
280	 107.95	 98.14	 89.22	 81.11	 73.73	 67.03	 60.94	 55.40	 50.36	 45.78	 41.62	
281	 108.34	 98.49	 89.54	 81.40	 74.00	 67.27	 61.15	 55.59	 50.54	 45.95	 41.77	
282	 108.72	 98.84	 89.85	 81.69	 74.26	 67.51	 61.37	 55.79	 50.72	 46.11	 41.92	
283	 109.11	 99.19	 90.17	 81.98	 74.52	 67.75	 61.59	 55.99	 50.90	 46.27	 42.07	
284	 109.49	 99.54	 90.49	 82.26	 74.79	 67.99	 61.81	 56.19	 51.08	 46.44	 42.21	
285	 109.88	 99.89	 90.81	 82.55	 75.05	 68.23	 62.02	 56.39	 51.26	 46.60	 42.36	
286	 110.27	 100.24	 91.13	 82.84	 75.31	 68.47	 62.24	 56.58	 51.44	 46.76	 42.51	
287	 110.65	 100.59	 91.45	 83.13	 75.58	 68.71	 62.46	 56.78	 51.62	 46.93	 42.66	
288	 111.04	 100.94	 91.77	 83.42	 75.84	 68.94	 62.68	 56.98	 51.80	 47.09	 42.81	
289	 111.42	 101.29	 92.08	 83.71	 76.10	 69.18	 62.89	 57.18	 51.98	 47.25	 42.96	
290	 111.81	 101.64	 92.40	 84.00	 76.37	 69.42	 63.11	 57.37	 52.16	 47.42	 43.11	
291	 112.19	 101.99	 92.72	 84.29	 76.63	 69.66	 63.33	 57.57	 52.34	 47.58	 43.26	
292	 112.58	 102.34	 93.04	 84.58	 76.89	 69.90	 63.55	 57.77	 52.52	 47.74	 43.40	
293	 112.96	 102.69	 93.36	 84.87	 77.16	 70.14	 63.77	 57.97	 52.70	 47.91	 43.55	
294	 113.35	 103.05	 93.68	 85.16	 77.42	 70.38	 63.98	 58.17	 52.88	 48.07	 43.70	
295	 113.74	 103.40	 94.00	 85.45	 77.68	 70.62	 64.20	 58.36	 53.06	 48.23	 43.85	
296	 114.12	 103.75	 94.31	 85.74	 77.95	 70.86	 64.42	 58.56	 53.24	 48.40	 44.00	
297	 114.51	 104.10	 94.63	 86.03	 78.21	 71.10	 64.64	 58.76	 53.42	 48.56	 44.15	
298	 114.89	 104.45	 94.95	 86.32	 78.47	 71.34	 64.85	 58.96	 53.60	 48.73	 44.30	
299	 115.28	 104.80	 95.27	 86.61	 78.74	 71.58	 65.07	 59.16	 53.78	 48.89	 44.44	
300	 115.66	 105.15	 95.59	 86.90	 79.00	 71.82	 65.29	 59.35	 53.96	 49.05	 44.59	
301	 116.05	 105.50	 95.91	 87.19	 79.26	 72.06	 65.51	 59.55	 54.14	 49.22	 44.74	
302	 116.43	 105.85	 96.23	 87.48	 79.53	 72.30	 65.72	 59.75	 54.32	 49.38	 44.89	
303	 116.82	 106.20	 96.55	 87.77	 79.79	 72.54	 65.94	 59.95	 54.50	 49.54	 45.04	
304	 117.21	 106.55	 96.86	 88.06	 80.05	 72.78	 66.16	 60.14	 54.68	 49.71	 45.19	
305	 117.59	 106.90	 97.18	 88.35	 80.32	 73.01	 66.38	 60.34	 54.86	 49.87	 45.34	
306	 117.98	 107.25	 97.50	 88.64	 80.58	 73.25	 66.59	 60.54	 55.04	 50.03	 45.48	
307	 118.36	 107.60	 97.82	 88.93	 80.84	 73.49	 66.81	 60.74	 55.22	 50.20	 45.63	
308	 118.75	 107.95	 98.14	 89.22	 81.11	 73.73	 67.03	 60.94	 55.40	 50.36	 45.78	
309	 119.13	 108.30	 98.46	 89.51	 81.37	 73.97	 67.25	 61.13	 55.58	 50.52	 45.93	
310	 119.52	 108.65	 98.78	 89.80	 81.63	 74.21	 67.47	 61.33	 55.76	 50.69	 46.08	
311	 119.90	 109.00	 99.09	 90.09	 81.90	 74.45	 67.68	 61.53	 55.94	 50.85	 46.23	
312	 120.29	 109.35	 99.41	 90.38	 82.16	 74.69	 67.90	 61.73	 56.12	 51.01	 46.38	
313	 120.68	 109.70	 99.73	 90.66	 82.42	 74.93	 68.12	 61.93	 56.30	 51.18	 46.53	
314	 121.06	 110.06	 100.05	 90.95	 82.69	 75.17	 68.34	 62.12	 56.48	 51.34	 46.67	
315	 121.45	 110.41	 100.37	 91.24	 82.95	 75.41	 68.55	 62.32	 56.66	 51.51	 46.82	
316	 121.83	 110.76	 100.69	 91.53	 83.21	 75.65	 68.77	 62.52	 56.84	 51.67	 46.97	
317	 122.22	 111.11	 101.01	 91.82	 83.48	 75.89	 68.99	 62.72	 57.02	 51.83	 47.12	
318	 122.60	 111.46	 101.32	 92.11	 83.74	 76.13	 69.21	 62.91	 57.20	 52.00	 47.27	
319	 122.99	 111.81	 101.64	 92.40	 84.00	 76.37	 69.42	 63.11	 57.37	 52.16	 47.42	
320	 123.37	 112.16	 101.96	 92.69	 84.27	 76.61	 69.64	 63.31	 57.55	 52.32	 47.57	
321	 123.76	 112.51	 102.28	 92.98	 84.53	 76.84	 69.86	 63.51	 57.73	 52.49	 47.71	
322	 124.14	 112.86	 102.60	 93.27	 84.79	 77.08	 70.08	 63.71	 57.91	 52.65	 47.86	
323	 124.53	 113.21	 102.92	 93.56	 85.06	 77.32	 70.29	 63.90	 58.09	 52.81	 48.01	
324	 124.92	 113.56	 103.24	 93.85	 85.32	 77.56	 70.51	 64.10	 58.27	 52.98	 48.16	
325	 125.30	 113.91	 103.56	 94.14	 85.58	 77.80	 70.73	 64.30	 58.45	 53.14	 48.31	
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326	 125.69	 114.26	 103.87	 94.43	 85.85	 78.04	 70.95	 64.50	 58.63	 53.30	 48.46	
327	 126.07	 114.61	 104.19	 94.72	 86.11	 78.28	 71.16	 64.70	 58.81	 53.47	 48.61	
328	 126.46	 114.96	 104.51	 95.01	 86.37	 78.52	 71.38	 64.89	 58.99	 53.63	 48.76	
329	 126.84	 115.31	 104.83	 95.30	 86.64	 78.76	 71.60	 65.09	 59.17	 53.79	 48.90	
330	 127.23	 115.66	 105.15	 95.59	 86.90	 79.00	 71.82	 65.29	 59.35	 53.96	 49.05	
331	 127.61	 116.01	 105.47	 95.88	 87.16	 79.24	 72.04	 65.49	 59.53	 54.12	 49.20	
332	 128.00	 116.36	 105.79	 96.17	 87.43	 79.48	 72.25	 65.68	 59.71	 54.28	 49.35	
333	 128.39	 116.71	 106.10	 96.46	 87.69	 79.72	 72.47	 65.88	 59.89	 54.45	 49.50	
334	 128.77	 117.06	 106.42	 96.75	 87.95	 79.96	 72.69	 66.08	 60.07	 54.61	 49.65	
335	 129.16	 117.42	 106.74	 97.04	 88.22	 80.20	 72.91	 66.28	 60.25	 54.78	 49.80	
336	 129.54	 117.77	 107.06	 97.33	 88.48	 80.44	 73.12	 66.48	 60.43	 54.94	 49.94	
337	 129.93	 118.12	 107.38	 97.62	 88.74	 80.68	 73.34	 66.67	 60.61	 55.10	 50.09	
338	 130.31	 118.47	 107.70	 97.91	 89.01	 80.91	 73.56	 66.87	 60.79	 55.27	 50.24	
339	 130.70	 118.82	 108.02	 98.20	 89.27	 81.15	 73.78	 67.07	 60.97	 55.43	 50.39	
340	 131.08	 119.17	 108.33	 98.49	 89.53	 81.39	 73.99	 67.27	 61.15	 55.59	 50.54	
341	 131.47	 119.52	 108.65	 98.78	 89.80	 81.63	 74.21	 67.47	 61.33	 55.76	 50.69	
342	 131.86	 119.87	 108.97	 99.07	 90.06	 81.87	 74.43	 67.66	 61.51	 55.92	 50.84	
343	 132.24	 120.22	 109.29	 99.35	 90.32	 82.11	 74.65	 67.86	 61.69	 56.08	 50.98	
344	 132.63	 120.57	 109.61	 99.64	 90.59	 82.35	 74.86	 68.06	 61.87	 56.25	 51.13	
345	 133.01	 120.92	 109.93	 99.93	 90.85	 82.59	 75.08	 68.26	 62.05	 56.41	 51.28	
346	 133.40	 121.27	 110.25	 100.22	 91.11	 82.83	 75.30	 68.45	 62.23	 56.57	 51.43	
347	 133.78	 121.62	 110.56	 100.51	 91.38	 83.07	 75.52	 68.65	 62.41	 56.74	 51.58	
348	 134.17	 121.97	 110.88	 100.80	 91.64	 83.31	 75.73	 68.85	 62.59	 56.90	 51.73	
349	 134.55	 122.32	 111.20	 101.09	 91.90	 83.55	 75.95	 69.05	 62.77	 57.06	 51.88	
350	 134.94	 122.67	 111.52	 101.38	 92.17	 83.79	 76.17	 69.25	 62.95	 57.23	 52.03	
351	 135.33	 123.02	 111.84	 101.67	 92.43	 84.03	 76.39	 69.44	 63.13	 57.39	 52.17	
352	 135.71	 123.37	 112.16	 101.96	 92.69	 84.27	 76.61	 69.64	 63.31	 57.55	 52.32	
353	 136.10	 123.72	 112.48	 102.25	 92.96	 84.51	 76.82	 69.84	 63.49	 57.72	 52.47	
354	 136.48	 124.07	 112.80	 102.54	 93.22	 84.74	 77.04	 70.04	 63.67	 57.88	 52.62	
355	 136.87	 124.43	 113.11	 102.83	 93.48	 84.98	 77.26	 70.23	 63.85	 58.05	 52.77	
356	 137.25	 124.78	 113.43	 103.12	 93.75	 85.22	 77.48	 70.43	 64.03	 58.21	 52.92	
357	 137.64	 125.13	 113.75	 103.41	 94.01	 85.46	 77.69	 70.63	 64.21	 58.37	 53.07	
358	 138.02	 125.48	 114.07	 103.70	 94.27	 85.70	 77.91	 70.83	 64.39	 58.54	 53.21	
359	 138.41	 125.83	 114.39	 103.99	 94.54	 85.94	 78.13	 71.03	 64.57	 58.70	 53.36	
360	 138.80	 126.18	 114.71	 104.28	 94.80	 86.18	 78.35	 71.22	 64.75	 58.86	 53.51	
361	 139.18	 126.53	 115.03	 104.57	 95.06	 86.42	 78.56	 71.42	 64.93	 59.03	 53.66	
362	 139.57	 126.88	 115.34	 104.86	 95.33	 86.66	 78.78	 71.62	 65.11	 59.19	 53.81	
363	 139.95	 127.23	 115.66	 105.15	 95.59	 86.90	 79.00	 71.82	 65.29	 59.35	 53.96	
364	 140.34	 127.58	 115.98	 105.44	 95.85	 87.14	 79.22	 72.02	 65.47	 59.52	 54.11	
365	 140.72	 127.93	 116.30	 105.73	 96.12	 87.38	 79.43	 72.21	 65.65	 59.68	 54.25	
366	 141.11	 128.28	 116.62	 106.02	 96.38	 87.62	 79.65	 72.41	 65.83	 59.84	 54.40	
367	 141.49	 128.63	 116.94	 106.31	 96.64	 87.86	 79.87	 72.61	 66.01	 60.01	 54.55	
368	 141.88	 128.98	 117.26	 106.60	 96.91	 88.10	 80.09	 72.81	 66.19	 60.17	 54.70	
369	 142.27	 129.33	 117.57	 106.89	 97.17	 88.34	 80.31	 73.00	 66.37	 60.33	 54.85	
370	 142.65	 129.68	 117.89	 107.18	 97.43	 88.58	 80.52	 73.20	 66.55	 60.50	 55.00	
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APPENDIX B 
LOSS OFFSET TABLE FROM CLOSURE DISCOUNTING 
Closure	cost/Discount	year	 12--11	 13--11	 14--11	 15--11	 16--11	 17--11	 18--11	 19--11	 20--11	
30	 0.96	 1.82	 2.61	 3.33	 3.99	 4.58	 5.12	 5.61	 6.06	
31	 0.99	 1.89	 2.70	 3.44	 4.12	 4.73	 5.29	 5.80	 6.26	
32	 1.02	 1.95	 2.79	 3.56	 4.25	 4.88	 5.46	 5.98	 6.46	
33	 1.05	 2.01	 2.88	 3.67	 4.38	 5.04	 5.63	 6.17	 6.66	
34	 1.08	 2.07	 2.96	 3.78	 4.52	 5.19	 5.80	 6.36	 6.86	
35	 1.12	 2.13	 3.05	 3.89	 4.65	 5.34	 5.97	 6.54	 7.06	
36	 1.15	 2.19	 3.14	 4.00	 4.78	 5.50	 6.14	 6.73	 7.27	
37	 1.18	 2.25	 3.23	 4.11	 4.92	 5.65	 6.31	 6.92	 7.47	
38	 1.21	 2.31	 3.31	 4.22	 5.05	 5.80	 6.48	 7.11	 7.67	
39	 1.24	 2.37	 3.40	 4.33	 5.18	 5.95	 6.65	 7.29	 7.87	
40	 1.27	 2.43	 3.49	 4.44	 5.31	 6.11	 6.83	 7.48	 8.07	
41	 1.31	 2.49	 3.57	 4.56	 5.45	 6.26	 7.00	 7.67	 8.28	
42	 1.34	 2.55	 3.66	 4.67	 5.58	 6.41	 7.17	 7.85	 8.48	
43	 1.37	 2.62	 3.75	 4.78	 5.71	 6.56	 7.34	 8.04	 8.68	
44	 1.40	 2.68	 3.84	 4.89	 5.85	 6.72	 7.51	 8.23	 8.88	
45	 1.43	 2.74	 3.92	 5.00	 5.98	 6.87	 7.68	 8.41	 9.08	
46	 1.47	 2.80	 4.01	 5.11	 6.11	 7.02	 7.85	 8.60	 9.29	
47	 1.50	 2.86	 4.10	 5.22	 6.24	 7.17	 8.02	 8.79	 9.49	
48	 1.53	 2.92	 4.18	 5.33	 6.38	 7.33	 8.19	 8.98	 9.69	
49	 1.56	 2.98	 4.27	 5.44	 6.51	 7.48	 8.36	 9.16	 9.89	
50	 1.59	 3.04	 4.36	 5.56	 6.64	 7.63	 8.53	 9.35	 10.09	
51	 1.63	 3.10	 4.45	 5.67	 6.78	 7.79	 8.70	 9.54	 10.29	
52	 1.66	 3.16	 4.53	 5.78	 6.91	 7.94	 8.87	 9.72	 10.50	
53	 1.69	 3.22	 4.62	 5.89	 7.04	 8.09	 9.04	 9.91	 10.70	
54	 1.72	 3.28	 4.71	 6.00	 7.17	 8.24	 9.21	 10.10	 10.90	
55	 1.75	 3.35	 4.79	 6.11	 7.31	 8.40	 9.38	 10.28	 11.10	
56	 1.78	 3.41	 4.88	 6.22	 7.44	 8.55	 9.56	 10.47	 11.30	
57	 1.82	 3.47	 4.97	 6.33	 7.57	 8.70	 9.73	 10.66	 11.51	
58	 1.85	 3.53	 5.06	 6.44	 7.71	 8.85	 9.90	 10.85	 11.71	
59	 1.88	 3.59	 5.14	 6.56	 7.84	 9.01	 10.07	 11.03	 11.91	
60	 1.91	 3.65	 5.23	 6.67	 7.97	 9.16	 10.24	 11.22	 12.11	
61	 1.94	 3.71	 5.32	 6.78	 8.10	 9.31	 10.41	 11.41	 12.31	
62	 1.98	 3.77	 5.40	 6.89	 8.24	 9.46	 10.58	 11.59	 12.51	
63	 2.01	 3.83	 5.49	 7.00	 8.37	 9.62	 10.75	 11.78	 12.72	
64	 2.04	 3.89	 5.58	 7.11	 8.50	 9.77	 10.92	 11.97	 12.92	
65	 2.07	 3.95	 5.67	 7.22	 8.64	 9.92	 11.09	 12.15	 13.12	
66	 2.10	 4.01	 5.75	 7.33	 8.77	 10.07	 11.26	 12.34	 13.32	
67	 2.13	 4.08	 5.84	 7.44	 8.90	 10.23	 11.43	 12.53	 13.52	
68	 2.17	 4.14	 5.93	 7.55	 9.03	 10.38	 11.60	 12.72	 13.73	
69	 2.20	 4.20	 6.01	 7.67	 9.17	 10.53	 11.77	 12.90	 13.93	
70	 2.23	 4.26	 6.10	 7.78	 9.30	 10.69	 11.94	 13.09	 14.13	
71	 2.26	 4.32	 6.19	 7.89	 9.43	 10.84	 12.12	 13.28	 14.33	
72	 2.29	 4.38	 6.28	 8.00	 9.57	 10.99	 12.29	 13.46	 14.53	
60 
73	 2.33	 4.44	 6.36	 8.11	 9.70	 11.14	 12.46	 13.65	 14.74	
74	 2.36	 4.50	 6.45	 8.22	 9.83	 11.30	 12.63	 13.84	 14.94	
75	 2.39	 4.56	 6.54	 8.33	 9.96	 11.45	 12.80	 14.02	 15.14	
76	 2.42	 4.62	 6.62	 8.44	 10.10	 11.60	 12.97	 14.21	 15.34	
77	 2.45	 4.68	 6.71	 8.55	 10.23	 11.75	 13.14	 14.40	 15.54	
78	 2.49	 4.74	 6.80	 8.67	 10.36	 11.91	 13.31	 14.58	 15.74	
79	 2.52	 4.81	 6.89	 8.78	 10.50	 12.06	 13.48	 14.77	 15.95	
80	 2.55	 4.87	 6.97	 8.89	 10.63	 12.21	 13.65	 14.96	 16.15	
81	 2.58	 4.93	 7.06	 9.00	 10.76	 12.36	 13.82	 15.15	 16.35	
82	 2.61	 4.99	 7.15	 9.11	 10.89	 12.52	 13.99	 15.33	 16.55	
83	 2.64	 5.05	 7.23	 9.22	 11.03	 12.67	 14.16	 15.52	 16.75	
84	 2.68	 5.11	 7.32	 9.33	 11.16	 12.82	 14.33	 15.71	 16.96	
85	 2.71	 5.17	 7.41	 9.44	 11.29	 12.98	 14.50	 15.89	 17.16	
86	 2.74	 5.23	 7.50	 9.55	 11.43	 13.13	 14.67	 16.08	 17.36	
87	 2.77	 5.29	 7.58	 9.67	 11.56	 13.28	 14.85	 16.27	 17.56	
88	 2.80	 5.35	 7.67	 9.78	 11.69	 13.43	 15.02	 16.45	 17.76	
89	 2.84	 5.41	 7.76	 9.89	 11.82	 13.59	 15.19	 16.64	 17.96	
90	 2.87	 5.47	 7.84	 10.00	 11.96	 13.74	 15.36	 16.83	 18.17	
91	 2.90	 5.54	 7.93	 10.11	 12.09	 13.89	 15.53	 17.02	 18.37	
92	 2.93	 5.60	 8.02	 10.22	 12.22	 14.04	 15.70	 17.20	 18.57	
93	 2.96	 5.66	 8.11	 10.33	 12.36	 14.20	 15.87	 17.39	 18.77	
94	 3.00	 5.72	 8.19	 10.44	 12.49	 14.35	 16.04	 17.58	 18.97	
95	 3.03	 5.78	 8.28	 10.55	 12.62	 14.50	 16.21	 17.76	 19.18	
96	 3.06	 5.84	 8.37	 10.67	 12.76	 14.65	 16.38	 17.95	 19.38	
97	 3.09	 5.90	 8.45	 10.78	 12.89	 14.81	 16.55	 18.14	 19.58	
98	 3.12	 5.96	 8.54	 10.89	 13.02	 14.96	 16.72	 18.32	 19.78	
99	 3.15	 6.02	 8.63	 11.00	 13.15	 15.11	 16.89	 18.51	 19.98	
100	 3.19	 6.08	 8.72	 11.11	 13.29	 15.26	 17.06	 18.70	 20.19	
101	 3.22	 6.14	 8.80	 11.22	 13.42	 15.42	 17.23	 18.89	 20.39	
102	 3.25	 6.20	 8.89	 11.33	 13.55	 15.57	 17.40	 19.07	 20.59	
103	 3.28	 6.27	 8.98	 11.44	 13.69	 15.72	 17.58	 19.26	 20.79	
104	 3.31	 6.33	 9.06	 11.55	 13.82	 15.88	 17.75	 19.45	 20.99	
105	 3.35	 6.39	 9.15	 11.67	 13.95	 16.03	 17.92	 19.63	 21.19	
106	 3.38	 6.45	 9.24	 11.78	 14.08	 16.18	 18.09	 19.82	 21.40	
107	 3.41	 6.51	 9.33	 11.89	 14.22	 16.33	 18.26	 20.01	 21.60	
108	 3.44	 6.57	 9.41	 12.00	 14.35	 16.49	 18.43	 20.19	 21.80	
109	 3.47	 6.63	 9.50	 12.11	 14.48	 16.64	 18.60	 20.38	 22.00	
110	 3.50	 6.69	 9.59	 12.22	 14.62	 16.79	 18.77	 20.57	 22.20	
111	 3.54	 6.75	 9.68	 12.33	 14.75	 16.94	 18.94	 20.76	 22.41	
112	 3.57	 6.81	 9.76	 12.44	 14.88	 17.10	 19.11	 20.94	 22.61	
113	 3.60	 6.87	 9.85	 12.55	 15.01	 17.25	 19.28	 21.13	 22.81	
114	 3.63	 6.93	 9.94	 12.67	 15.15	 17.40	 19.45	 21.32	 23.01	
115	 3.66	 7.00	 10.02	 12.78	 15.28	 17.55	 19.62	 21.50	 23.21	
116	 3.70	 7.06	 10.11	 12.89	 15.41	 17.71	 19.79	 21.69	 23.41	
117	 3.73	 7.12	 10.20	 13.00	 15.55	 17.86	 19.96	 21.88	 23.62	
118	 3.76	 7.18	 10.29	 13.11	 15.68	 18.01	 20.13	 22.06	 23.82	
119	 3.79	 7.24	 10.37	 13.22	 15.81	 18.17	 20.31	 22.25	 24.02	
61 
120	 3.82	 7.30	 10.46	 13.33	 15.94	 18.32	 20.48	 22.44	 24.22	
121	 3.86	 7.36	 10.55	 13.44	 16.08	 18.47	 20.65	 22.63	 24.42	
122	 3.89	 7.42	 10.63	 13.55	 16.21	 18.62	 20.82	 22.81	 24.63	
123	 3.92	 7.48	 10.72	 13.67	 16.34	 18.78	 20.99	 23.00	 24.83	
124	 3.95	 7.54	 10.81	 13.78	 16.48	 18.93	 21.16	 23.19	 25.03	
125	 3.98	 7.60	 10.90	 13.89	 16.61	 19.08	 21.33	 23.37	 25.23	
126	 4.01	 7.66	 10.98	 14.00	 16.74	 19.23	 21.50	 23.56	 25.43	
127	 4.05	 7.73	 11.07	 14.11	 16.87	 19.39	 21.67	 23.75	 25.63	
128	 4.08	 7.79	 11.16	 14.22	 17.01	 19.54	 21.84	 23.93	 25.84	
129	 4.11	 7.85	 11.24	 14.33	 17.14	 19.69	 22.01	 24.12	 26.04	
130	 4.14	 7.91	 11.33	 14.44	 17.27	 19.84	 22.18	 24.31	 26.24	
131	 4.17	 7.97	 11.42	 14.55	 17.41	 20.00	 22.35	 24.50	 26.44	
132	 4.21	 8.03	 11.51	 14.67	 17.54	 20.15	 22.52	 24.68	 26.64	
133	 4.24	 8.09	 11.59	 14.78	 17.67	 20.30	 22.69	 24.87	 26.85	
134	 4.27	 8.15	 11.68	 14.89	 17.80	 20.45	 22.87	 25.06	 27.05	
135	 4.30	 8.21	 11.77	 15.00	 17.94	 20.61	 23.04	 25.24	 27.25	
136	 4.33	 8.27	 11.85	 15.11	 18.07	 20.76	 23.21	 25.43	 27.45	
137	 4.37	 8.33	 11.94	 15.22	 18.20	 20.91	 23.38	 25.62	 27.65	
138	 4.40	 8.39	 12.03	 15.33	 18.34	 21.07	 23.55	 25.80	 27.86	
139	 4.43	 8.46	 12.12	 15.44	 18.47	 21.22	 23.72	 25.99	 28.06	
140	 4.46	 8.52	 12.20	 15.55	 18.60	 21.37	 23.89	 26.18	 28.26	
141	 4.49	 8.58	 12.29	 15.67	 18.73	 21.52	 24.06	 26.37	 28.46	
142	 4.52	 8.64	 12.38	 15.78	 18.87	 21.68	 24.23	 26.55	 28.66	
143	 4.56	 8.70	 12.46	 15.89	 19.00	 21.83	 24.40	 26.74	 28.86	
144	 4.59	 8.76	 12.55	 16.00	 19.13	 21.98	 24.57	 26.93	 29.07	
145	 4.62	 8.82	 12.64	 16.11	 19.27	 22.13	 24.74	 27.11	 29.27	
146	 4.65	 8.88	 12.73	 16.22	 19.40	 22.29	 24.91	 27.30	 29.47	
147	 4.68	 8.94	 12.81	 16.33	 19.53	 22.44	 25.08	 27.49	 29.67	
148	 4.72	 9.00	 12.90	 16.44	 19.66	 22.59	 25.25	 27.67	 29.87	
149	 4.75	 9.06	 12.99	 16.55	 19.80	 22.74	 25.42	 27.86	 30.08	
150	 4.78	 9.12	 13.07	 16.67	 19.93	 22.90	 25.60	 28.05	 30.28	
151	 4.81	 9.19	 13.16	 16.78	 20.06	 23.05	 25.77	 28.23	 30.48	
152	 4.84	 9.25	 13.25	 16.89	 20.20	 23.20	 25.94	 28.42	 30.68	
153	 4.88	 9.31	 13.34	 17.00	 20.33	 23.36	 26.11	 28.61	 30.88	
154	 4.91	 9.37	 13.42	 17.11	 20.46	 23.51	 26.28	 28.80	 31.08	
155	 4.94	 9.43	 13.51	 17.22	 20.59	 23.66	 26.45	 28.98	 31.29	
156	 4.97	 9.49	 13.60	 17.33	 20.73	 23.81	 26.62	 29.17	 31.49	
157	 5.00	 9.55	 13.68	 17.44	 20.86	 23.97	 26.79	 29.36	 31.69	
158	 5.03	 9.61	 13.77	 17.55	 20.99	 24.12	 26.96	 29.54	 31.89	
159	 5.07	 9.67	 13.86	 17.67	 21.13	 24.27	 27.13	 29.73	 32.09	
160	 5.10	 9.73	 13.95	 17.78	 21.26	 24.42	 27.30	 29.92	 32.30	
161	 5.13	 9.79	 14.03	 17.89	 21.39	 24.58	 27.47	 30.10	 32.50	
162	 5.16	 9.85	 14.12	 18.00	 21.52	 24.73	 27.64	 30.29	 32.70	
163	 5.19	 9.92	 14.21	 18.11	 21.66	 24.88	 27.81	 30.48	 32.90	
164	 5.23	 9.98	 14.29	 18.22	 21.79	 25.03	 27.98	 30.67	 33.10	
165	 5.26	 10.04	 14.38	 18.33	 21.92	 25.19	 28.15	 30.85	 33.31	
166	 5.29	 10.10	 14.47	 18.44	 22.06	 25.34	 28.33	 31.04	 33.51	
62 
167	 5.32	 10.16	 14.56	 18.55	 22.19	 25.49	 28.50	 31.23	 33.71	
168	 5.35	 10.22	 14.64	 18.67	 22.32	 25.65	 28.67	 31.41	 33.91	
169	 5.38	 10.28	 14.73	 18.78	 22.45	 25.80	 28.84	 31.60	 34.11	
170	 5.42	 10.34	 14.82	 18.89	 22.59	 25.95	 29.01	 31.79	 34.31	
171	 5.45	 10.40	 14.90	 19.00	 22.72	 26.10	 29.18	 31.97	 34.52	
172	 5.48	 10.46	 14.99	 19.11	 22.85	 26.26	 29.35	 32.16	 34.72	
173	 5.51	 10.52	 15.08	 19.22	 22.99	 26.41	 29.52	 32.35	 34.92	
174	 5.54	 10.58	 15.17	 19.33	 23.12	 26.56	 29.69	 32.54	 35.12	
175	 5.58	 10.65	 15.25	 19.44	 23.25	 26.71	 29.86	 32.72	 35.32	
176	 5.61	 10.71	 15.34	 19.55	 23.38	 26.87	 30.03	 32.91	 35.53	
177	 5.64	 10.77	 15.43	 19.67	 23.52	 27.02	 30.20	 33.10	 35.73	
178	 5.67	 10.83	 15.51	 19.78	 23.65	 27.17	 30.37	 33.28	 35.93	
179	 5.70	 10.89	 15.60	 19.89	 23.78	 27.32	 30.54	 33.47	 36.13	
180	 5.74	 10.95	 15.69	 20.00	 23.92	 27.48	 30.71	 33.66	 36.33	
181	 5.77	 11.01	 15.78	 20.11	 24.05	 27.63	 30.88	 33.84	 36.53	
182	 5.80	 11.07	 15.86	 20.22	 24.18	 27.78	 31.06	 34.03	 36.74	
183	 5.83	 11.13	 15.95	 20.33	 24.31	 27.93	 31.23	 34.22	 36.94	
184	 5.86	 11.19	 16.04	 20.44	 24.45	 28.09	 31.40	 34.41	 37.14	
185	 5.89	 11.25	 16.13	 20.55	 24.58	 28.24	 31.57	 34.59	 37.34	
186	 5.93	 11.31	 16.21	 20.66	 24.71	 28.39	 31.74	 34.78	 37.54	
187	 5.96	 11.38	 16.30	 20.78	 24.85	 28.55	 31.91	 34.97	 37.75	
188	 5.99	 11.44	 16.39	 20.89	 24.98	 28.70	 32.08	 35.15	 37.95	
189	 6.02	 11.50	 16.47	 21.00	 25.11	 28.85	 32.25	 35.34	 38.15	
190	 6.05	 11.56	 16.56	 21.11	 25.24	 29.00	 32.42	 35.53	 38.35	
191	 6.09	 11.62	 16.65	 21.22	 25.38	 29.16	 32.59	 35.71	 38.55	
192	 6.12	 11.68	 16.74	 21.33	 25.51	 29.31	 32.76	 35.90	 38.76	
193	 6.15	 11.74	 16.82	 21.44	 25.64	 29.46	 32.93	 36.09	 38.96	
194	 6.18	 11.80	 16.91	 21.55	 25.78	 29.61	 33.10	 36.28	 39.16	
195	 6.21	 11.86	 17.00	 21.66	 25.91	 29.77	 33.27	 36.46	 39.36	
196	 6.25	 11.92	 17.08	 21.78	 26.04	 29.92	 33.44	 36.65	 39.56	
197	 6.28	 11.98	 17.17	 21.89	 26.17	 30.07	 33.62	 36.84	 39.76	
198	 6.31	 12.04	 17.26	 22.00	 26.31	 30.22	 33.79	 37.02	 39.97	
199	 6.34	 12.11	 17.35	 22.11	 26.44	 30.38	 33.96	 37.21	 40.17	
200	 6.37	 12.17	 17.43	 22.22	 26.57	 30.53	 34.13	 37.40	 40.37	
201	 6.40	 12.23	 17.52	 22.33	 26.71	 30.68	 34.30	 37.58	 40.57	
202	 6.44	 12.29	 17.61	 22.44	 26.84	 30.84	 34.47	 37.77	 40.77	
203	 6.47	 12.35	 17.69	 22.55	 26.97	 30.99	 34.64	 37.96	 40.98	
204	 6.50	 12.41	 17.78	 22.66	 27.10	 31.14	 34.81	 38.15	 41.18	
205	 6.53	 12.47	 17.87	 22.78	 27.24	 31.29	 34.98	 38.33	 41.38	
206	 6.56	 12.53	 17.96	 22.89	 27.37	 31.45	 35.15	 38.52	 41.58	
207	 6.60	 12.59	 18.04	 23.00	 27.50	 31.60	 35.32	 38.71	 41.78	
208	 6.63	 12.65	 18.13	 23.11	 27.64	 31.75	 35.49	 38.89	 41.98	
209	 6.66	 12.71	 18.22	 23.22	 27.77	 31.90	 35.66	 39.08	 42.19	
210	 6.69	 12.77	 18.30	 23.33	 27.90	 32.06	 35.83	 39.27	 42.39	
211	 6.72	 12.84	 18.39	 23.44	 28.03	 32.21	 36.00	 39.45	 42.59	
212	 6.75	 12.90	 18.48	 23.55	 28.17	 32.36	 36.17	 39.64	 42.79	
213	 6.79	 12.96	 18.57	 23.66	 28.30	 32.51	 36.35	 39.83	 42.99	
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214	 6.82	 13.02	 18.65	 23.78	 28.43	 32.67	 36.52	 40.01	 43.20	
215	 6.85	 13.08	 18.74	 23.89	 28.57	 32.82	 36.69	 40.20	 43.40	
216	 6.88	 13.14	 18.83	 24.00	 28.70	 32.97	 36.86	 40.39	 43.60	
217	 6.91	 13.20	 18.91	 24.11	 28.83	 33.12	 37.03	 40.58	 43.80	
218	 6.95	 13.26	 19.00	 24.22	 28.96	 33.28	 37.20	 40.76	 44.00	
219	 6.98	 13.32	 19.09	 24.33	 29.10	 33.43	 37.37	 40.95	 44.21	
220	 7.01	 13.38	 19.18	 24.44	 29.23	 33.58	 37.54	 41.14	 44.41	
221	 7.04	 13.44	 19.26	 24.55	 29.36	 33.74	 37.71	 41.32	 44.61	
222	 7.07	 13.50	 19.35	 24.66	 29.50	 33.89	 37.88	 41.51	 44.81	
223	 7.11	 13.56	 19.44	 24.78	 29.63	 34.04	 38.05	 41.70	 45.01	
224	 7.14	 13.63	 19.52	 24.89	 29.76	 34.19	 38.22	 41.88	 45.21	
225	 7.17	 13.69	 19.61	 25.00	 29.89	 34.35	 38.39	 42.07	 45.42	
226	 7.20	 13.75	 19.70	 25.11	 30.03	 34.50	 38.56	 42.26	 45.62	
227	 7.23	 13.81	 19.79	 25.22	 30.16	 34.65	 38.73	 42.45	 45.82	
228	 7.26	 13.87	 19.87	 25.33	 30.29	 34.80	 38.90	 42.63	 46.02	
229	 7.30	 13.93	 19.96	 25.44	 30.43	 34.96	 39.08	 42.82	 46.22	
230	 7.33	 13.99	 20.05	 25.55	 30.56	 35.11	 39.25	 43.01	 46.43	
231	 7.36	 14.05	 20.13	 25.66	 30.69	 35.26	 39.42	 43.19	 46.63	
232	 7.39	 14.11	 20.22	 25.78	 30.82	 35.41	 39.59	 43.38	 46.83	
233	 7.42	 14.17	 20.31	 25.89	 30.96	 35.57	 39.76	 43.57	 47.03	
234	 7.46	 14.23	 20.40	 26.00	 31.09	 35.72	 39.93	 43.75	 47.23	
235	 7.49	 14.29	 20.48	 26.11	 31.22	 35.87	 40.10	 43.94	 47.43	
236	 7.52	 14.36	 20.57	 26.22	 31.36	 36.03	 40.27	 44.13	 47.64	
237	 7.55	 14.42	 20.66	 26.33	 31.49	 36.18	 40.44	 44.32	 47.84	
238	 7.58	 14.48	 20.74	 26.44	 31.62	 36.33	 40.61	 44.50	 48.04	
239	 7.62	 14.54	 20.83	 26.55	 31.75	 36.48	 40.78	 44.69	 48.24	
240	 7.65	 14.60	 20.92	 26.66	 31.89	 36.64	 40.95	 44.88	 48.44	
241	 7.68	 14.66	 21.01	 26.78	 32.02	 36.79	 41.12	 45.06	 48.65	
242	 7.71	 14.72	 21.09	 26.89	 32.15	 36.94	 41.29	 45.25	 48.85	
243	 7.74	 14.78	 21.18	 27.00	 32.29	 37.09	 41.46	 45.44	 49.05	
244	 7.77	 14.84	 21.27	 27.11	 32.42	 37.25	 41.63	 45.62	 49.25	
245	 7.81	 14.90	 21.35	 27.22	 32.55	 37.40	 41.81	 45.81	 49.45	
246	 7.84	 14.96	 21.44	 27.33	 32.68	 37.55	 41.98	 46.00	 49.66	
247	 7.87	 15.02	 21.53	 27.44	 32.82	 37.70	 42.15	 46.19	 49.86	
248	 7.90	 15.09	 21.62	 27.55	 32.95	 37.86	 42.32	 46.37	 50.06	
249	 7.93	 15.15	 21.70	 27.66	 33.08	 38.01	 42.49	 46.56	 50.26	
250	 7.97	 15.21	 21.79	 27.78	 33.22	 38.16	 42.66	 46.75	 50.46	
251	 8.00	 15.27	 21.88	 27.89	 33.35	 38.31	 42.83	 46.93	 50.66	
252	 8.03	 15.33	 21.96	 28.00	 33.48	 38.47	 43.00	 47.12	 50.87	
253	 8.06	 15.39	 22.05	 28.11	 33.61	 38.62	 43.17	 47.31	 51.07	
254	 8.09	 15.45	 22.14	 28.22	 33.75	 38.77	 43.34	 47.49	 51.27	
255	 8.13	 15.51	 22.23	 28.33	 33.88	 38.93	 43.51	 47.68	 51.47	
256	 8.16	 15.57	 22.31	 28.44	 34.01	 39.08	 43.68	 47.87	 51.67	
257	 8.19	 15.63	 22.40	 28.55	 34.15	 39.23	 43.85	 48.06	 51.88	
258	 8.22	 15.69	 22.49	 28.66	 34.28	 39.38	 44.02	 48.24	 52.08	
259	 8.25	 15.75	 22.58	 28.78	 34.41	 39.54	 44.19	 48.43	 52.28	
260	 8.28	 15.82	 22.66	 28.89	 34.54	 39.69	 44.37	 48.62	 52.48	
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261	 8.32	 15.88	 22.75	 29.00	 34.68	 39.84	 44.54	 48.80	 52.68	
262	 8.35	 15.94	 22.84	 29.11	 34.81	 39.99	 44.71	 48.99	 52.88	
263	 8.38	 16.00	 22.92	 29.22	 34.94	 40.15	 44.88	 49.18	 53.09	
264	 8.41	 16.06	 23.01	 29.33	 35.08	 40.30	 45.05	 49.36	 53.29	
265	 8.44	 16.12	 23.10	 29.44	 35.21	 40.45	 45.22	 49.55	 53.49	
266	 8.48	 16.18	 23.19	 29.55	 35.34	 40.60	 45.39	 49.74	 53.69	
267	 8.51	 16.24	 23.27	 29.66	 35.47	 40.76	 45.56	 49.93	 53.89	
268	 8.54	 16.30	 23.36	 29.78	 35.61	 40.91	 45.73	 50.11	 54.10	
269	 8.57	 16.36	 23.45	 29.89	 35.74	 41.06	 45.90	 50.30	 54.30	
270	 8.60	 16.42	 23.53	 30.00	 35.87	 41.22	 46.07	 50.49	 54.50	
271	 8.63	 16.48	 23.62	 30.11	 36.01	 41.37	 46.24	 50.67	 54.70	
272	 8.67	 16.55	 23.71	 30.22	 36.14	 41.52	 46.41	 50.86	 54.90	
273	 8.70	 16.61	 23.80	 30.33	 36.27	 41.67	 46.58	 51.05	 55.11	
274	 8.73	 16.67	 23.88	 30.44	 36.40	 41.83	 46.75	 51.23	 55.31	
275	 8.76	 16.73	 23.97	 30.55	 36.54	 41.98	 46.92	 51.42	 55.51	
276	 8.79	 16.79	 24.06	 30.66	 36.67	 42.13	 47.10	 51.61	 55.71	
277	 8.83	 16.85	 24.14	 30.78	 36.80	 42.28	 47.27	 51.80	 55.91	
278	 8.86	 16.91	 24.23	 30.89	 36.94	 42.44	 47.44	 51.98	 56.11	
279	 8.89	 16.97	 24.32	 31.00	 37.07	 42.59	 47.61	 52.17	 56.32	
280	 8.92	 17.03	 24.41	 31.11	 37.20	 42.74	 47.78	 52.36	 56.52	
281	 8.95	 17.09	 24.49	 31.22	 37.33	 42.89	 47.95	 52.54	 56.72	
282	 8.99	 17.15	 24.58	 31.33	 37.47	 43.05	 48.12	 52.73	 56.92	
283	 9.02	 17.21	 24.67	 31.44	 37.60	 43.20	 48.29	 52.92	 57.12	
284	 9.05	 17.28	 24.75	 31.55	 37.73	 43.35	 48.46	 53.10	 57.33	
285	 9.08	 17.34	 24.84	 31.66	 37.87	 43.51	 48.63	 53.29	 57.53	
286	 9.11	 17.40	 24.93	 31.78	 38.00	 43.66	 48.80	 53.48	 57.73	
287	 9.14	 17.46	 25.02	 31.89	 38.13	 43.81	 48.97	 53.66	 57.93	
288	 9.18	 17.52	 25.10	 32.00	 38.27	 43.96	 49.14	 53.85	 58.13	
289	 9.21	 17.58	 25.19	 32.11	 38.40	 44.12	 49.31	 54.04	 58.33	
290	 9.24	 17.64	 25.28	 32.22	 38.53	 44.27	 49.48	 54.23	 58.54	
291	 9.27	 17.70	 25.36	 32.33	 38.66	 44.42	 49.65	 54.41	 58.74	
292	 9.30	 17.76	 25.45	 32.44	 38.80	 44.57	 49.83	 54.60	 58.94	
293	 9.34	 17.82	 25.54	 32.55	 38.93	 44.73	 50.00	 54.79	 59.14	
294	 9.37	 17.88	 25.63	 32.66	 39.06	 44.88	 50.17	 54.97	 59.34	
295	 9.40	 17.94	 25.71	 32.78	 39.20	 45.03	 50.34	 55.16	 59.55	
296	 9.43	 18.01	 25.80	 32.89	 39.33	 45.18	 50.51	 55.35	 59.75	
297	 9.46	 18.07	 25.89	 33.00	 39.46	 45.34	 50.68	 55.53	 59.95	
298	 9.50	 18.13	 25.97	 33.11	 39.59	 45.49	 50.85	 55.72	 60.15	
299	 9.53	 18.19	 26.06	 33.22	 39.73	 45.64	 51.02	 55.91	 60.35	
300	 9.56	 18.25	 26.15	 33.33	 39.86	 45.79	 51.19	 56.10	 60.56	
301	 9.59	 18.31	 26.24	 33.44	 39.99	 45.95	 51.36	 56.28	 60.76	
302	 9.62	 18.37	 26.32	 33.55	 40.13	 46.10	 51.53	 56.47	 60.96	
303	 9.65	 18.43	 26.41	 33.66	 40.26	 46.25	 51.70	 56.66	 61.16	
304	 9.69	 18.49	 26.50	 33.77	 40.39	 46.41	 51.87	 56.84	 61.36	
305	 9.72	 18.55	 26.58	 33.89	 40.52	 46.56	 52.04	 57.03	 61.56	
306	 9.75	 18.61	 26.67	 34.00	 40.66	 46.71	 52.21	 57.22	 61.77	
307	 9.78	 18.67	 26.76	 34.11	 40.79	 46.86	 52.38	 57.40	 61.97	
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308	 9.81	 18.74	 26.85	 34.22	 40.92	 47.02	 52.56	 57.59	 62.17	
309	 9.85	 18.80	 26.93	 34.33	 41.06	 47.17	 52.73	 57.78	 62.37	
310	 9.88	 18.86	 27.02	 34.44	 41.19	 47.32	 52.90	 57.97	 62.57	
311	 9.91	 18.92	 27.11	 34.55	 41.32	 47.47	 53.07	 58.15	 62.78	
312	 9.94	 18.98	 27.19	 34.66	 41.45	 47.63	 53.24	 58.34	 62.98	
313	 9.97	 19.04	 27.28	 34.77	 41.59	 47.78	 53.41	 58.53	 63.18	
314	 10.01	 19.10	 27.37	 34.89	 41.72	 47.93	 53.58	 58.71	 63.38	
315	 10.04	 19.16	 27.46	 35.00	 41.85	 48.08	 53.75	 58.90	 63.58	
316	 10.07	 19.22	 27.54	 35.11	 41.99	 48.24	 53.92	 59.09	 63.78	
317	 10.10	 19.28	 27.63	 35.22	 42.12	 48.39	 54.09	 59.27	 63.99	
318	 10.13	 19.34	 27.72	 35.33	 42.25	 48.54	 54.26	 59.46	 64.19	
319	 10.16	 19.40	 27.80	 35.44	 42.38	 48.70	 54.43	 59.65	 64.39	
320	 10.20	 19.47	 27.89	 35.55	 42.52	 48.85	 54.60	 59.84	 64.59	
321	 10.23	 19.53	 27.98	 35.66	 42.65	 49.00	 54.77	 60.02	 64.79	
322	 10.26	 19.59	 28.07	 35.77	 42.78	 49.15	 54.94	 60.21	 65.00	
323	 10.29	 19.65	 28.15	 35.89	 42.92	 49.31	 55.12	 60.40	 65.20	
324	 10.32	 19.71	 28.24	 36.00	 43.05	 49.46	 55.29	 60.58	 65.40	
325	 10.36	 19.77	 28.33	 36.11	 43.18	 49.61	 55.46	 60.77	 65.60	
326	 10.39	 19.83	 28.42	 36.22	 43.31	 49.76	 55.63	 60.96	 65.80	
327	 10.42	 19.89	 28.50	 36.33	 43.45	 49.92	 55.80	 61.14	 66.01	
328	 10.45	 19.95	 28.59	 36.44	 43.58	 50.07	 55.97	 61.33	 66.21	
329	 10.48	 20.01	 28.68	 36.55	 43.71	 50.22	 56.14	 61.52	 66.41	
330	 10.51	 20.07	 28.76	 36.66	 43.85	 50.37	 56.31	 61.71	 66.61	
331	 10.55	 20.13	 28.85	 36.77	 43.98	 50.53	 56.48	 61.89	 66.81	
332	 10.58	 20.20	 28.94	 36.89	 44.11	 50.68	 56.65	 62.08	 67.01	
333	 10.61	 20.26	 29.03	 37.00	 44.24	 50.83	 56.82	 62.27	 67.22	
334	 10.64	 20.32	 29.11	 37.11	 44.38	 50.98	 56.99	 62.45	 67.42	
335	 10.67	 20.38	 29.20	 37.22	 44.51	 51.14	 57.16	 62.64	 67.62	
336	 10.71	 20.44	 29.29	 37.33	 44.64	 51.29	 57.33	 62.83	 67.82	
337	 10.74	 20.50	 29.37	 37.44	 44.78	 51.44	 57.50	 63.01	 68.02	
338	 10.77	 20.56	 29.46	 37.55	 44.91	 51.60	 57.67	 63.20	 68.23	
339	 10.80	 20.62	 29.55	 37.66	 45.04	 51.75	 57.85	 63.39	 68.43	
340	 10.83	 20.68	 29.64	 37.77	 45.17	 51.90	 58.02	 63.58	 68.63	
341	 10.87	 20.74	 29.72	 37.89	 45.31	 52.05	 58.19	 63.76	 68.83	
342	 10.90	 20.80	 29.81	 38.00	 45.44	 52.21	 58.36	 63.95	 69.03	
343	 10.93	 20.86	 29.90	 38.11	 45.57	 52.36	 58.53	 64.14	 69.23	
344	 10.96	 20.93	 29.98	 38.22	 45.71	 52.51	 58.70	 64.32	 69.44	
345	 10.99	 20.99	 30.07	 38.33	 45.84	 52.66	 58.87	 64.51	 69.64	
346	 11.02	 21.05	 30.16	 38.44	 45.97	 52.82	 59.04	 64.70	 69.84	
347	 11.06	 21.11	 30.25	 38.55	 46.10	 52.97	 59.21	 64.88	 70.04	
348	 11.09	 21.17	 30.33	 38.66	 46.24	 53.12	 59.38	 65.07	 70.24	
349	 11.12	 21.23	 30.42	 38.77	 46.37	 53.27	 59.55	 65.26	 70.45	
350	 11.15	 21.29	 30.51	 38.89	 46.50	 53.43	 59.72	 65.45	 70.65	
351	 11.18	 21.35	 30.59	 39.00	 46.64	 53.58	 59.89	 65.63	 70.85	
352	 11.22	 21.41	 30.68	 39.11	 46.77	 53.73	 60.06	 65.82	 71.05	
353	 11.25	 21.47	 30.77	 39.22	 46.90	 53.89	 60.23	 66.01	 71.25	
354	 11.28	 21.53	 30.86	 39.33	 47.03	 54.04	 60.40	 66.19	 71.45	
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355	 11.31	 21.59	 30.94	 39.44	 47.17	 54.19	 60.58	 66.38	 71.66	
356	 11.34	 21.66	 31.03	 39.55	 47.30	 54.34	 60.75	 66.57	 71.86	
357	 11.38	 21.72	 31.12	 39.66	 47.43	 54.50	 60.92	 66.75	 72.06	
358	 11.41	 21.78	 31.20	 39.77	 47.57	 54.65	 61.09	 66.94	 72.26	
359	 11.44	 21.84	 31.29	 39.89	 47.70	 54.80	 61.26	 67.13	 72.46	
360	 11.47	 21.90	 31.38	 40.00	 47.83	 54.95	 61.43	 67.31	 72.67	
361	 11.50	 21.96	 31.47	 40.11	 47.96	 55.11	 61.60	 67.50	 72.87	
362	 11.53	 22.02	 31.55	 40.22	 48.10	 55.26	 61.77	 67.69	 73.07	
363	 11.57	 22.08	 31.64	 40.33	 48.23	 55.41	 61.94	 67.88	 73.27	
364	 11.60	 22.14	 31.73	 40.44	 48.36	 55.56	 62.11	 68.06	 73.47	
365	 11.63	 22.20	 31.81	 40.55	 48.50	 55.72	 62.28	 68.25	 73.68	
366	 11.66	 22.26	 31.90	 40.66	 48.63	 55.87	 62.45	 68.44	 73.88	
367	 11.69	 22.32	 31.99	 40.77	 48.76	 56.02	 62.62	 68.62	 74.08	
368	 11.73	 22.39	 32.08	 40.89	 48.89	 56.17	 62.79	 68.81	 74.28	
369	 11.76	 22.45	 32.16	 41.00	 49.03	 56.33	 62.96	 69.00	 74.48	
370	 11.79	 22.51	 32.25	 41.11	 49.16	 56.48	 63.13	 69.18	 74.68	
 
 
